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Foreword 


Samir S. Taneja, MD 


Consulting Editor 


This issue of the Urologic Clinics is devoted to the 
field of genitourinary trauma and reconstruction. 
While reconstructive procedures often are for the 
correction of anatomic abnormalities arising from 
iatrogenic and traumatic origin, surgeons subspe- 
cializing in trauma are uniquely experienced to 
provide insight into reconstructive procedures for 
correction of a wide multitude of etiologies. As 
such, | am confident the articles provided in this 
issue will provide a valuable resource for urologists 
in all types of clinical practice. 

Reconstruction of the urinary tract is a mainstay 
of urologic practice. While we often define recon- 
structive surgery as a procedure specifically in- 
tended to correct a pre-existing problem, the 
surgical principles arising from our reconstructive 
procedures can and should influence the vast ma- 
jority of procedures performed in urology. Recon- 
structive principles can be applied in oncologic 
procedures requiring reconstruction following 
extirpation, general urologic procedures, correc- 
tion of congenital abnormalities, and in the man- 
agement of complications arising from urologic 
surgery. 

Similarly, the management of genitourinary 
trauma offers insight into the management of com- 
mon challenges arising from renal surgery, lower 
urinary tract surgery, and secondary surgical com- 
plications. We can learn a great deal, for example, 
on how to manage partial nephrectomy complica- 
tions through the observation of our colleagues 
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experienced with both penetrating and blunt renal 
trauma. While many urologists in practice do not 
manage acute trauma, almost all are exposed to 
iatrogenic trauma arising from both urologic and 
nonurologic surgical procedures. 

In this issue, Dr Allen Morey and Dr Steven 
Hudak have crafted a comprehensive look into 
the contemporary management of urologic 
trauma and the strategies for reconstruction of 
traumatic sequelae. | am deeply indebted to 
Drs Morey and Hudak for insight into the design 
of this issue and oversight in its creation. Each of 
the authors has provided a unique perspective 
to the principles of reconstruction as they may 
be applied in different regions of the urinary 
tract, and in both the acute and the delayed 
setting. | would like to thank each of the authors 
for these fantastic articles. | urge the readers to 
absorb the concepts to take back to everyday 
practice. 


Samir S. Taneja, MD 

Division of Urologic Oncology 

Smilow Comprehensive Prostate Cancer Center 
Department of Urology 

NYU Langone Medical Center 

150 East 32nd Street, Suite 200 

New York, NY 10016, USA 


E-mail address: 
samir.taneja@nyumc.org 
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Urologic Trauma and 
Reconstruction 


Steven J. Hudak, MD 
Editors 


Allen F. Morey, MD 


During the last three decades, genitourinary recon- 
structive surgery has evolved dramatically. With 
increasing numbers of fellowship programs in uro- 
logic reconstruction now in existence across the 
country, expertise is now available in the majority 
of academic programs and large group practices 
nationwide. Graduating urology residents now enter 
the general urologic community with a solid foun- 
dation in genitourinary reconstructive surgery as 
well as minimally invasive surgical techniques. In 
this issue of The Urologic Clinics, we have attemp- 
ted to present a current, state-of-the-art examina- 
tion of clinically relevant challenges encountered 
by urologists managing acute urologic trauma or 
performing delayed genitourinary reconstruction. 
Urologic injury often occurs in the context of se- 
vere multisystem trauma, which requires close 
cooperation with trauma surgeons. The urologist 
remains an important consultant to the trauma 
team, helping to ensure that the structure and 
function of the genitourinary system is preserved 
whenever possible. Immediate interventions for 
acute urologic injuries often require flexibility in 
accordance with damage control principles in crit- 
ically ill patients. Minimally invasive techniques for 
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achieving hemostasis have become mainstream 
among renal trauma patients, and this version of 
The Urologic Clinics identifies important radio- 
graphic predictors of those who may benefit from 
urgent angiographic intervention. The role of ro- 
botic surgery, having changed the face of urologic 
oncology, is now increasingly employed in com- 
plex ureteral reconstruction, especially for distal 
strictures. 

The acute management of pelvic fracture- 
associated urethral injuries remains an ongoing 
controversy. Primary endoscopic urethral realign- 
ment is presented with important recommen- 
dations for patient selection and procedural 
conduct. Many of these patients will ultimately 
require posterior urethral reconstruction, which 
remains the hallmark operation for reconstructive 
urologists, and technical considerations for op- 
timal outcomes are reviewed. 

Significant reconstructive challenges often 
await the urologic trauma patient who has recov- 
ered from his associated injuries. Genital injuries 
are rarely life-threatening, but often become the 
male trauma patient’s chief concern once acute is- 
sues are resolved. Plastic surgical principles offer 


The opinions expressed in this document are solely those of the authors and do not represent an endorsement 
by or the views of the United States Air Force, the United States Army, the Department of Defense or the 


United States Government. 
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an important guide for optimal genital cosmesis 
and function. Similarly, complex proximal ureteral 
defects are often not amenable to robotic repair; 
classic reconstructive techniques, such as Boari 
flap, ileal ureter, and downward nephropexy, 
remain commonplace in the robotic era. Finally, 
although advances in prostate cancer manage- 
ment continue to improve outcomes and decrease 
morbidity, many men will ultimately encounter 
negative sequelae from oncologic treatment. Two 
separate articles in this issue of The Urologic 
Clinics are devoted to the management of 2 of 
the most challenging iatrogenic conditions facing 
urologists: radiation-induced lower genitourinary 
injuries and refractory postprostatectomy bladder 
neck contractures. 

Effective rehabilitation of the urologic trauma 
patient remains an immensely gratifying undertak- 
ing. As the field of genitourinary reconstruction 


continues to evolve, we must strive to approach 
clinical problems in a creative, yet evidence- 
based manner to ensure optimal outcomes. 


Allen F. Morey, MD 
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Current Epidemiology of 
Genitourinary Trauma 


James B. McGeady, MD, Benjamin N. Breyer, MD, MAS* 
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KEY POINTS 


e With 10% of the 2.8 million trauma patients hospitalized yearly in the United States sustaining 
genitourinary injuries, an understanding of the epidemiology of genitourinary organ injury facilitates 
prompt diagnosis and appropriate treatment of these injuries. 

e The use of national data sets to conduct large population-based studies has increased our under- 
standing of the epidemiology of genitourinary trauma. 

e Most renal, bladder, and posterior urethral trauma is from blunt mechanisms, most commonly 


motor vehicle collisions. 


e Most ureteral and anterior urethral injuries are iatrogenic. 
e Research and development of safer vehicles along with public efforts and policy to create safer 
roadways and regulate hazardous driving activities continues to decrease morbidity and mortality 


from motor vehicle collisions. 


INTRODUCTION 


The importance of recognizing and appropriately 
managing urogenital injuries has been appreciated 
for centuries. Timely identification and manage- 
ment of these injuries is often organ saving, and 
at times, life saving. 

Worldwide, trauma is currently the sixth leading 
cause of death, accounting for 10% of mortalities." 
In the United States, more than 2.8 million people 
are hospitalized as a result of trauma yearly, with 
estimated costs of $406 billion annually in medical 
expenditures and lost productivity.? Trauma has a 
predilection for young adults and results in the loss 
of more productive work years than cancer and 
heart disease combined.® The urogenital system 
has consistently been shown to be involved in 
10% of patients presenting after trauma and is 
therefore a significant factor in trauma-induced 
morbidity and mortality.* 

Most trauma data from the 20th century were 
reported from single-institution data sets. With 


the expansion of electronic medical records and 
national trauma networks, national data sets 
have become a more accessible and significant 
source of information. 

The National Electronic Injury Surveillance Sys- 
tem (NEISS), originally created in 1970 by the US 
Consumer Product Safety Commission, is one 
example of these national data sets. It has been 
used primarily to evaluate the magnitude of injury 
associated with consumer products, but because 
it provides a national probability estimate of all 
injury-related US emergency department presen- 
tations, it has proved to be a useful tool for evalu- 
ating many facets of trauma epidemiology. 

More recently, the National Trauma Data Bank 
(NTDB), created in 1989, has continued to grow 
exponentially and currently contains more than 
5 million records, making it by far the largest na- 
tional data set available. It has been increasingly 
analyzed over the last 2 decades, resulting in 
significant contributions to the medical literature 
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and increased understanding of trauma incidence, 
mechanism, and outcomes.° 

The Crash Research and Engineering (CIREN) 
database, which is a multicenter research network 
developed by the National Highway Traffic Safety 
Administration, provides detailed crash site anal- 
ysis and specific occupant injury data to help 
researchers better understand the mechanisms 
of injury in motor vehicle collisions (MVC). 

Although far from comprehensive, these are 
several important examples of the major data 
sets relating to trauma. In the future, as the evalu- 
ation and sharing of data become easier and 
faster, the continued development of more inclu- 
sive and refined data sets will enable researchers 
to probe further into the epidemiology and, hope- 
fully, prevention of trauma. 


ORGANS 
Kidney 


Prevalence/incidence 
Renal injury has historically been reported in 1.2% 
to 3.3% of trauma patients depending on the data 


Europe.'° Penetrating injuries are more prevalent 
in undeveloped countries and areas with civil 
unrest. A retrospective, 4-year single-institution 
study from a hospital serving 13 smaller cities 
throughout southeastern Turkey, a region with 
elevated sociopolitical tensions and a gun in 
every residence for self-defense and hunting, 
reported 59% (42/71) of renal injuries were sec- 
ondary to gunshot wounds (GSW).'' Similarly, 
75% (130/174) of renal injuries reported by one 
hospital in Durban, South Africa were from a 
penetrating source, with 50% (87/174) caused 
by GSW." Although penetrating renal injury, 
which is responsible for 16% of renal injuries 
per review of the NTDB, is much less common 
than blunt renal trauma, the incidence of civilian 
GSW is reportedly increasing in the United 
States, Africa, and some European countries.?'!? 
Of traumatized patients in the United States, the 
proportion with renal injury was highest in those 
sustaining injuries from firearms (3.5%), MVC 
(2.2%), bicycle accidents (1.9%), pedestrian 
accidents (1.5%), stab wounds (0.8%), and falls 
(0.5%).° 


The epidemiology of renal trauma—Summary of multiple series 


Rate of 
Renal 


Minor Major Renal 


Blunt Penetrating Injuries Injuries Exploration Nephrectomy 


Injury (%) Number (%)  (%) (%) (%)? (%) (%) 


Seattle” 2.8 154 93.5 6.5 


92 3.8 


Toronto" 3.25 132 95.4 46 


72 7.4 3.2 


San N/A 2254 89.8 10.2 
Francisco 


91.1 0.8 


British 1.4 227 93.4 6.6 
Columbia 


81.7 ; : N/A 


NTDB? 1.2 6231 81.6 16.0 


a Major injury defined as AAST grades 2 to 5 or ICD-9 code for laceration, parenchymal disruption, or vascular injury. 
Data from Wessells H, Suh D, Porter JR, et al. Renal injury and operative management in the United States: results of a 


population-based study. J Trauma 2003;54(3):423-30. 


set.&* A recent population-based study using the 
NTDB and consisting of 6231 renal injuries found 
an incidence of 4.9 per 100,000 population.? Like 
other trauma, renal injuries are also associated 
with youth and male gender. Renal injuries 
occurred in patients less than 44 years of age 
70% to 80% of the time and almost 75% of these 
were male.° 


Mechanism 

In the United States, 82% to 95% of renal injuries 
are secondary to blunt trauma,® slightly less than 
the 93% observed in Canada® and 97% in 


Motor vehicle collisions 

MVC account for approximately 70% of blunt 
renal injuries, with 50.9% involving 2 vehicles, 
21.1% involving a solitary vehicle, and 11.1% 
involving vehicle versus pedestrian.'®'® Accord- 
ing to the World Health Organization, approxi- 
mately 1.3 million people die yearly from road 
traffic accidents, and another 20 to 50 million 
suffer nonfatal injuries.” Ongoing research into 
preventative measures to lessen solid organ injury 
has provided insight into the mechanism of renal 
injury in various MVC scenarios, as well as the 
effects of multiple automobile safety features. 
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One of these studies, a recent review of the 
CIREN database, demonstrated a 45.3% and 
52.8% reduction in renal injury during collisions 
with frontal and side airbags, respectively.'® In a 
separate analysis of the same data set, seat belts, 
which unquestionably decrease overall morbidity 
and mortality in accidents, have been shown to 
account for 90% of renal injuries in frontal colli- 
sions.'? Side-door panel/armrest direct impact is 
the source of renal injury in most side-impact col- 
lisions, as is the steering wheel and instrument 
panel for unrestrained drivers in head-on colli- 
sions. Interestingly, although not statistically sig- 
nificant, renal injury was more likely on the right 
side for restrained drivers and left for restrained 
passengers, possibly due to the lower/mid 
abdominal location of the shoulder restraint on 
the medial side.'9 


Bicycles 

With 57 million, or 27% of the US population over 
the age of 16, riding bicycles on a daily basis, in- 
juries sustained from bicycle-related accidents 
contribute significantly to the trauma population. 
According to a review of mode-by-mode fatality 
and travel statistics report from the US Depart- 
ment of Transportation by Pucher and Dijkstra, 
bicycling is considered 12 times more likely to 
result in mortality than riding in a car per kilo- 
meter traveled, and results in greater than 600 
deaths annually.2°?' A review of the 16,585 
bicycle-related trauma cases in the NTDB noted 
that genitourinary (GU) trauma occurred in 2% 
of bicycle accidents (358 patients).2° Renal 
trauma was the most common type of GU injury 
in this subset (75%-80% of GU injuries), with 
bladder and urethral injuries a distant sec- 
ond.'®29.22 A review of the NEISS database esti- 
mated that 43,542 (95% confidence interval [Cl] 
36,447-50,363), or 9%, of all GU injuries present- 
ing to US emergency departments from 2002 to 
2010 had a bicycle-related injury.2° Of these 
injuries, 31% (12,707 [95% Cl 9585-15,830)) 
involved the testicles or scrotum, with renal injury 
representing only 5% (2158 [95% CI 1360-2956)) 
of GU injuries presenting to the emergency 
room.?° This discrepancy is likely due to the 
different patient populations represented by the 
NTDB and NEISS. Patients in the NTDB have 
injuries significant enough to require hospital 
admission and therefore are more likely to have 
a renal injury. The NEISS database, on the other 
hand, includes all emergency department pre- 
sentations, most of which are treated in an 
ambulatory setting, and not surprisingly consist 
of a significantly higher number of scrotal 
injuries.2° 


Pediatrics 

Because of children’s weaker abdominal muscles, 
less ossified and protective rib cage, paucity of 
perirenal fat, intra-abdominal renal location, and 
relatively larger kidney-to-body size ratio, they 
have an increased risk of blunt renal injury.24 
Approximately 10% of children presenting with 
blunt abdominal trauma have a renal injury.2° Ac- 
cording to a recent review of the NEISS database, 
there were approximately 8249 pediatric renal in- 
juries that presented to emergency rooms in the 
United States between 2002 and 2010. Although 
renal injuries accounted for only 3.5% of all pedi- 
atric GU injuries, it was responsible for 25.7% 
of hospital admissions in this cohort.2° 


All-terrain vehicles (ATVs) 

The use of ATVs in both the general and the pedi- 
atric populations has continued to increase over 
the last 20 years. Despite government legislation, 
multiple public awareness campaigns, improved 
safety labeling, and age-appropriate recommen- 
dations from numerous organizations, ATVs are 
responsible for an increasing number of pediatric 
injuries and deaths each year. An estimated 
28,300 children under the age of 16 years of age 
presented to the emergency department in 2010 
with ATV-related injuries and there have been 
2775 reported deaths since 1982.2” Several recent 
single-institutional retrospective studies evaluated 
the risk of GU injury in this subset of patients. 
Approximately 3% to 3.7% of ATV-related pediat- 
ric admissions sustained GU trauma, which was 
overwhelmingly renal in nature (22/23 patients, 
96%).2°9 In contrast to a previous publication 
whereby a rollover injury or a blow to the abdomen 
from the handlebars was the source of renal injury, 
ejection was identified as the predominant mech- 
anism of ATV-related pediatric injury in these 
more recent cohorts.?®30 


Sports and solitary kidneys 

There has been a significant amount of ambiguity 
regarding the appropriate recommendations for 
children with solitary kidneys who wish to par- 
ticipate in contact sports. According to 182 re- 
sponses to a survey sent to 231 active members 
of the American Academy of Pediatrics in 2002, 
68% of these practitioners reported that they 
recommend patients with a solitary kidney avoid 
contact sports.°" 

Since 1994, the American Academy of Pediat- 
rics has recommended a “qualified yes” pending 
assessment for children with solitary kidneys 
wishing to participate in contact sports.°? In 2012 
Grinsell and colleagues’? used the data collected 
for the National Athletic Trainers’ Association 
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Injury Surveillance Study, an observational cohort 
study collected during the 1995 to 1997 academic 
years, to evaluate the risk of renal injury in contact/ 
collision sports. From 1995 to 1997, more than 
4.4 million athlete-exposures, defined as 1 athlete 
participating in 1 game or practice, were evaluated 
and 23,666 physical injuries were reported. Eigh- 
teen minor kidney injuries, 3 lacerations, and 15 
contusions were observed. None of these injuries 
required surgical management or resulted in 
known loss of renal function. For boys, football 
had the highest rate of renal injury (9.2 injuries/ 
million athlete-exposures). Girls had the highest 
risk of sustaining a renal injury while playing soccer 
(5.9 injuries/million athlete-exposures). Overall, the 
risk of renal injury was significantly less than rates 
of traumatic brain/head/neck/spine injuries and it 
was concluded that patients with solitary kidneys 
should be allowed to participate in contact 
sports.°° 


Ureter 


Prevalence/incidence 
Ureteral trauma is rare. Almost 25 years ago 
a large single-institution retrospective study 
reported ureteral injury in 1% of all urologic 
trauma. More recently, a retrospective analysis 
of the 22,706 GU injuries in the NTDB from 2002 
to 2006 found ureteral trauma responsible for 
2.5% of GU trauma (582 patients total).°° This 
significantly increased incidence is attributed to 
improved evacuation, stabilization, and evaluation 
methods of trauma patients resulting in increased 
survival of severely injured patients with improved 
initial detection of ureteral injuries.°° 

A recent literature review on ureteral trauma 
published by Pereira and colleagues*° identified 
77 articles with level 3 to 4 evidence. Consistent 
with the observation that most trauma occurs in 
young men, the reviewers noted that an average 
of 83.4% of patients with ureteral trauma were 
men, on average 23.2 years of age. This male pre- 
dominance, which is even higher than for overall 
trauma, may be representative of the strong asso- 
ciation of ureteral injuries with penetrating trauma 
(61%-62%).°° 


Mechanism/location 

A review of the NTDB from 2002 to 2006 noted that 
penetrating ureteral injuries occur in a significantly 
younger population than blunt injuries, 27 versus 
37 years of age, respectively (P<.001), and are 
more likely to occur in men than blunt injuries 
(91% vs 73%).°° Interestingly, this review also 
demonstrated a much higher overall percentage 
of ureteral injuries from blunt mechanisms than 
previously published (88% vs 3%).3” Most 


penetrating ureteral injuries (88%) were secondary 
to GSW, whereas most blunt injuries were associ- 
ated with MVC (60%). A recent 25-year review of 
ureteral trauma at the San Francisco General 
Hospital described the location of 38 ureteral in- 
juries as 70% upper, 8% mid, and 22% distal.36-38 
Most of the upper ureteral injuries were described 
as short segment losses amenable to repair 
with a tension-free anastomosis after initial 
debridement.°8 


Mechanisms of ureteral injury per NTDB review 


N = 528 Total Cases (%) 
Blunt trauma 24 38 
MVC 110 19 
Pedestrian 25 
Motorcyclist 18 
High fall 15 
Low fall 


Cyclist 

Other 
Penetrating trauma 

Gunshot wound 

Stab 

Other 


Data from Siram SM, Gerald SZ, Greene WR, et al. Ureteral 
trauma: patterns and mechanisms of injury of an uncom- 
mon condition. Am J Surg 2010;199(4):566-70. 


Concurrent injuries 

Associated injuries are present in 90.4% of trauma 
patients with ureteral injury.°° This association 
represents the ureter’s approximation to many 
abdominal and retroperitoneal organs as well as 
the severity, and often penetrating nature, of the 
insult needed to cause a ureteral injury.°° Siram 
and colleagues*® found the colon/appendix 
(51%) and small intestine (49%) to be the most 
commonly associated injuries, which is consis- 
tent with findings of previous single-institution 
studies.°° Surprisingly though, their data showed 
a much greater incidence of vessel injury with 
penetrating trauma than previously described 
by Perez-Brayfield and colleagues‘? (38% vs 
13%).°° Congruent with previous single-institu- 
tion series, Siram and colleagues®> also found a 
higher incidence of arterial injuries with blunt 
rather than penetrating trauma (9% vs 5%, 
respectively). The converse is true for penetrating 
trauma whereby venous injuries occurred 27% of 
the time and arterial injuries were seen in 16%. 
The iliac vessels lie just posterior to the ureters 
as they enter the bony pelvis and are especially 
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susceptible to injury at this location, which ex- 
plains how together they are injured in 28% of 
penetrating trauma. Not surprisingly, patients 
with blunt trauma and ureteral injuries are much 
more likely to have associated orthopedic injuries 
than penetrating cases (20% vs 1%).95 


latrogenic ureteral injury 
According to the Consensus on GU Trauma state- 
ment on diagnosis and management of ureteric 
injury by Brandes and colleagues*! and McAninch, 
gyenocologic surgery accounts for greater than 
half of all iatrogenic ureteric injuries. A systematic 
review of benign gynecologic surgery estimated 
that ureteral injury ranged from 0.2 to 7.3 per 
1000 surgeries.*? Although ureteral injury typically 
occurs during gynecologic, urologic, urogyneco- 
logic, and other pelvic surgeries, it has been re- 
ported with something as simple as a Foley 
catheter placement.41:43:44 

The pelvic ureter is involved in 80% of iatrogenic 
ureteral injuries, making it by far the most 
commonly involved segment.*° The most common 
types of ureteral injury, in decreasing order of 
frequency, are ligation, kinking by suture, transec- 
tion/avulsion, partial transection, crush, and de- 
vascularization with delayed necrosis/stricture.*" 
Prior studies have identified resection of large 
pelvic masses, malignant neoplasms, inflamma- 
tory disease, laparoscopy, and prior operation or 
radiation therapy as risk factors for iatrogenic ure- 
teral injury.4°*” These injuries generally occur in 
the distal one-third of the ureter and are not 
prevented by placement of preoperative stents, 
although they do assist with intraoperative recog- 
nition when they occur. 


8565 patients with documented bladder injury. Of 
the subjects, 75% were men and 57% were under 
40 years (mean 38.9 years). A retrospective single- 
institution study previously found 1.6% of blunt 
trauma patients had a bladder injury.’ In 2009 
Bjurlin and colleagues? reviewed the 1,466,887 
patient records in the NTDB between 2001 and 
2005 and found that 3.6% of patients presenting 
with a pelvic fracture had a concomitant bladder 
injury. Although men are more likely to engage in 
risky activities that result in a pelvic fracture, they 
noted that men and women presenting with pelvic 
fracture had a similar incidence of isolated bladder 
ruptures (3.41% vs 3.37%, P = .848).°° Several 
large literature reviews have found that extraperi- 
toneal bladder ruptures make up most injuries 
(55%-78%), with the rest consisting of intraperito- 
neal (17%-39%) and combined intraperitoneal 
and extraperitoneal (5%-8%) ruptures.°?:54 


Blunt bladder trauma 

Blunt trauma accounts for most bladder ruptures 
(51%-86%).°155:55 The 2004 “Consensus State- 
ment on Bladder Injuries” noted that a pelvic frac- 
ture increased the likelihood of bladder rupture 
from 1.6% to 5.7%, which is slightly more than 
the 3.6% described in the NTDB review. A 
20-year prospectively maintained database re- 
cently reported that MVCs are the most common 
cause of blunt bladder rupture (50.5%) followed 
by pedestrians versus automobile (29.1%), and 
falling from a great height (14.5%).°° Pelvic frac- 
tures are present 70% (35%-90%) of the time 
there is a bladder rupture, which demonstrates 
the strong association between these condi- 
tions.5°-5” Specific pelvic injuries, notably diastasis 


Incidence of specific organ injury in patients with GU trauma 


20,23 


NEISS#2 Scotland? Gsw?? mMvc'® Bicycles Motorcycles’ 


Kidney 7.7% 67% 


54% 65% 


5%-75% 28% 


Ureter N/A 3% 
Bladder N/A 18% 
Urethra N/A 16% 


3.8% 0 N/A 0 
18.7% 16% 13% 5% 
2.9% 2% 9% 3%? 


External genitalia 74.3% 20% 


29.4% 17% 


13%-31% 64% 


a Multiple GU organs may be injured in an individual trauma patient. 


Bladder 


Prevalence/incidence 

Due to its protected location within the bony 
pelvis, bladder injuries are not as common as their 
renal counterpart, but still occur with both blunt 
and penetrating trauma. Deibert and Spencer”? re- 
viewed the NTDB from 2002 to 2006 and identified 


of the symphysis pubis or sacroiliac joints and dis- 
placed fractures of the obturator ring or pubic 
rami, have been shown to be associated with 
bladder rupture.°* Most bladder ruptures without 
an associated pelvic fracture occur after a hard 
blow to the abdomen in a person with a distended 
bladder, often resulting in an intraperitoneal 
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blowout injury of the bladder dome. The associ- 
ated mortality rate of 10% to 22% for patients 
with a bladder rupture demonstrates the high- 
energy and multisystem trauma that is usually 
involved.°° 


Penetrating bladder trauma 

The percentage of bladder injuries caused by a 
penetrating mechanism range from 14% to 49% 
in several large single series and NTDB reviews, 
with GSW comprising the vast majority (88%, 
316/358 patients with penetrating injury).5°5° Per 
a large literature review, penetrating bladder injury 
is reported in 3.6% of abdominal GSW, 13% of 
penetrating injuries to the rectum, and 20% of 
penetrating injuries to the buttock.5% 


latrogenic bladder injury 

latrogenic bladder injury is not uncommon. It is the 
most frequently injured organ during obstetric and 
gynecologic procedures, with a rising incidence 
paralleling the rise in complexity of the surgery 
(1.8-13.8 per 1000 surgeries).**59 Other reported 
miscellaneous causes for bladder injury reported 
in literature include trocar placement in the emer- 
gency setting for diagnostic laparoscopy,©° during 
orthopedic treatment of pelvic fractures with 
external fixators,®’ and placement of an intrauter- 
ine device.® 


Operative risk of iatrogenic bladder injury 


Frequency per 


Injury Type 1000 Procedures 
Open radical hysterectomy 14 


Laparoscopic-assisted 13.8 
vaginal hysterectomy 


Laparoscopic hysterectomy 10 
Vaginal hysterectomy 9 


Cesarean section 1.8 


Laparoscopic herniorraphy 
Mid urethral sling 0.4 
Vaginal delivery 0.1 


Data from Gomez RG, Ceballos L, Coburn M, et al. 
Consensus statement on bladder injuries. BJU Int 
2004;94(1):27-32. 


Bladder neck injury 

Bladder neck injuries secondary to blunt trauma in 
prepubescent boys are well described in the uro- 
logic literature. The increased prevalence in this 
age group over adults is thought to be secondary 
to their undeveloped prostate. Consequently, 
there is minimal literature beyond case reports 
describing pelvic fracture-related injuries of the 


bladder neck and prostate until Mundy and An- 
drich recently reported on 15 patients where they 
described the mechanism of bladder neck involve- 
ment as an extension of a primary injury to the 
prostate and prostatic urethra.© 


Urethra 


Prevalence/incidence 

Urethral injuries are rare in the trauma population, 
accounting for approximately 4% of GU trauma 
per several series, but have the propensity to incur 
substantial long-term morbidity including intrac- 
table stricture disease, incontinence, impotence, 
and infertility.4°°+ When the urethra is injured, 
65% are complete disruptions with the remaining 
35% resulting in partial tears. Men are approxi- 
mately 5 times more likely to have a urethral injury 
than women, which is attributed to the longer 
length and reduced mobility of the male 
urethra.°°°7 


Posterior urethral injuries 

Posterior urethral injuries associated with pelvic 
fractures are the most common noniatrogenic ure- 
thral injury in industrialized societies and are 
approximately 4 times more common than anterior 
urethral injuries.°° Depending on the magnitude of 
trauma, the posterior urethra is initially stretched 
and then partially or completely disrupted at the 
bulbomembranous junction.®° Continued research 
into the mechanisms of posterior urethral injury 
with pelvic fractures as well as the inherent risks/ 
associations of specific fracture types has further 
advanced the understanding of these injuries. A 
prospective study including more than 200 men 
with pelvic fractures demonstrated that combined 
straddle fracture and diastasis of the sacroiliac 
joint confer a 24 times higher risk of urethral injury. 
Straddle fracture alone has 3.85 times the risk and 
Malgaigne fracture increases the risk by a factor of 
3.4. In a retrospective, nested case-control 
study of 119 male patients with pelvic fracture 
and urethral injury, Basta and colleagues’! found 
that 92% of the subjects had specific inferomedial 
pubic bone fractures or pubic symphysis diasta- 
sis, with 88% of these being displaced more 
than 1 cm. Recently, computer-generated models 
of the pelvis and urethra have allowed a greater 
understanding of the mechanisms of urethral 
stretching followed by disruption at the bulbo- 
membranous junction. ”?-74 


Anterior urethral injuries 

Blunt injury to the anterior urethra occurs approx- 
imately one-quarter as often as posterior injury 
and is generally a “straddle-type” injury of the 
bulbar urethra. This type of injury results from 
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direct trauma to the urethra itself and often results 
in a partial disruption or, quite frequently, is not 
initially identified and presents later as a stric- 
ture.°* Slightly less commonly, the anterior urethra 
is injured during a fracture of the penis. The 
incidence of concomitant urethral injury varies 
geographically, but ranges from 0% to 3% in 
Asia and the Middle East to 20% to 38% in the 
United States and Europe.’©’° Urethral injuries 
also occur more commonly with bilateral caver- 
nosal tears.’” 

Penetrating injuries to the anterior urethra are 
usually secondary to GSW and involve the bulbar 
and pendulous segments equally.” The urethra 
was injured in 2.9% of civilian GSW involving the 
GU system in a retrospective review of 309 pa- 
tients sustaining GSW in the Henry Ford Medical 
Center Trauma Registry. Frequently there are 
concomitant lower extremity and pelvic injuries in 
these patients (44% and 33%, respectively). '? 


latrogenic urethral injury 

Perhaps the most common cause of anterior ure- 
thral injury is iatrogenic from Foley catheter place- 
ment. Although it is difficult to identify the exact 
number of Foley catheters placed, 24 million are 
sold to hospitals within the United States annu- 
ally.”° A year-long, prospective, single-institution 
study at University California, San Diego found 
catheter-related injuries to occur in approximately 
3.2 per 1000 patients, but after implementing 


reproductive, 
damage. 


physiologic, and psychological 


Scrotal and testicular trauma 
Although exposed and dependent in nature, the 
mobility of the scrotum often prevents it and its 
contents from severe injury. Still, traumatic injury 
to the external genitalia, including the penis, is 
seen in 27.8% to 68.1% of all trauma patients 
with injury to the GU tract according to multiple 
published series.®"°? Blunt trauma accounts for 
up to 85% of scrotal and testicular injuries, most 
of which are sustained during athletic activity.® 
Scrotal trauma can result in a spectrum of findings 
ranging from local hematoma to ruptured or dislo- 
cated testicles.54 

Penetrating scrotal trauma, albeit less common, 
is generally more severe and usually requires sur- 
gical exploration. Up to 40% to 60% of penetrating 
GU injuries involve the external genitalia. In a 
30-year single-institution retrospective review of 
110 patients with penetrating external genital in- 
juries, Phonsombat and colleagues®> found that 
gunshots account for 55% of penetrating scrotal 
trauma, with stab wounds/lacerations (42%), and 
bites (3%) accounting for the rest. Orchiectomy 
rates range from 25% to 65% depending on the 
study, with a higher prevalence in lacerations 
than GSW, likely due to the high propensity of 
self-inflicted orchiectomies, which are less often 
salvageable.°®" 


Review of published series on GSW trauma to scrotum 


No. of 


No. of Injured 


No. of Nonoperative No. of 


Institution Patients Testicles (%) Management (%) Orchiectomies (%) 
Temple Univ.®! 97 


50 (54.9) 


6 (6.2) 24 (48) 


UMDNJ® 62 33 (61.1) 


8 (12.9) 20 (60.6) 


UCSF®° 40 
LSU8” 27 
UCLA-Harbor®® 


24 (60) 
23 (85.2) 
4 (66.7) 


0 (0) 6 (25) 
0 (0) 15 (65.2) 
13 (68.4) 2 (50.0) 


Wash. Univ.®2 17 17 (100) 


nursing education programs on Foley catheter 
placement, they showed a decrease in incidence 
to less than 1 per 1000 patients, illustrating the 
value of these preventative measures.®° 


External genitalia 

Due to the external location of the male genitalia, 
they are relatively exposed and vulnerable to 
trauma. Although not generally life threatening, 
genital injury is relatively common. Prompt 
attention is warranted to limit long-term sexual, 


0 (0) 6 (35.3) 


Penile trauma 

Penile trauma is less common than scrotal/testic- 
ular trauma, but still comprises 10% to 16% of 
GU injuries per several single-institution series.°° 
In one large civilian study, penetrating penile 
trauma accounted for 33% of all penetrating gen- 
ital trauma (scrotum = 48%).°° Associated urethral 
injury ranges from 4% to 24% depending on the 
study and mechanism. Stab wounds/lacerations 
seem to have a higher likelihood of involving the 
urethra than GSW. 12:85 
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Penile fracture is an uncommon and likely 
underreported injury, accounting for 1 in every 
175,000 emergency room visits.°' Still, according 
to the National Inpatient Sample, a nationally 
representative weighted sample of hospital admis- 
sion data, there were 1043 men admitted to US 
hospitals for penile fracture in 2006 to 2007.9? Of 
the 1331 cases of penile fracture reported in the 
literature between 1935 and 2001, over half 
were from the Mediterranean region.9° Mechanism 
of injury varies geographically. The practice of 
“taghaandan,” where the erect penis is forcibly 
pushed down to achieve detumescence, is the 
most common cause in the Mediterranean re- 
gion.°* In the United States and Europe, most frac- 
tures occur after the penis slips out of the vagina 
during intercourse and thrusts against the peri- 
neum or pubic symphysis.° A retrospective chart 
review of 16 patients presenting to the University 
of Maryland with penile fracture found that inter- 
course in stressful situations, specifically out-of- 
the-ordinary locations (68.7%) and extramarital 
affairs (43.8%), seems to be a common theme in 
these patients.%° 


Military trauma 

The ever-changing landscape of warfare and the 
institution of Kevlar body armor have likely 
affected the mechanism and distribution of GU 
injury seen in modern combat. Historically, GU 
injury constituted a small portion of battlefield in- 
juries, ranging from 0.7% to 8%, with renal injury 
noted in up to 40%.97-99 Most of these wounds re- 
sulted from bullet injury. Now, projectile fragments 
from mortar shells, aerial bombs, rockets, and 
improvised explosive devices account for most 
modern battlefield urologic injuries.°” 

Recent reports from overseas contingency op- 
erations the US Military is currently engaged in 
have reported similar findings with GU involve- 
ment in 2.8% to 5% of injuries.°°'©° The largest 
cohort, consisting of 16,323 trauma admissions, 
reported 887 GU injuries with involvement of the 
scrotum in 257 (29%), kidney in 203 (22.9%), 
bladder in 189 (21.3%), penis in 126 (14.2%), tes- 
ticle in 81 (9.1%), ureter in 24 (2.7%), and urethra in 
7 (0.8%).'°° Explosive devices were responsible 
for 50% to 65% of the injuries; individual firearms 
caused 15% to 37%, and the remaining 11% to 
13% were due to blunt injury, primarily MVC.28:10° 

The shift in primary mechanism of injury, from 
penetrating missile to explosive fragments, and 
the increased use of body armor have changed 
the spectrum of injuries seen on the battlefield. 
The higher rate of genital injury (68%) seen in sol- 
diers in recent conflicts is likely because of explo- 
sions.1°1°' The decreased renal and ureteral 


injuries are likely a result of protective body 
armor.2/:28: 192 


RESEARCH FUTURE DIRECTIONS 


At the time of establishment of the Centers for 
Disease Control and Prevention injury center in 
1987, only 5 centers, including Harvard University, 
Johns Hopkins University, University of North Car- 
olina, University of Washington, and Wayne State 
University, were funded. Today the injury center 
funds 11 programs, and vast improvements 
continue to be noted in multiple injury areas. For 
example, in 2010, 32,885 people died in motor 
vehicle traffic crashes in the United States—the 
lowest number of fatalities since 1949 and a 
2.9% decline from 2009 (33,883 fatalities).1°° 

Continued research and development of safer 
vehicles along with public efforts and policy to 
create safer roadways and regulate hazardous 
driving activities will likely further promote this 
trend. 

The application of computer-generated models 
based off of human imaging to traffic accident 
modeling has given us insight into the understand- 
ing of the mechanics of posterior urethral 
injury. 73104 

On a different note, the recognition of violence 
as a public health problem has resulted in multiple 
evidence-based strategies and programs to 
reduce violence, especially in youths, and 
highlighted the cost-effectiveness of monetary 
allocations aimed at prevention instead of 
incarceration. 195 

As we continue into the 21st century armed with 
more efficient diagnostic machinery, communica- 
tion and data storage technology, and tools that 
enable us to provide more efficient and higher 
quality patient care, we must continue to advance 
our understanding of the epidemiology of trauma 
to better prevent it, and more effectively treat it 
when it does occur. 
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KEY POINTS 


e Most high-grade renal injuries are managed conservatively. A key to successful nonoperative man- 
agement is identifying those injuries that need intervention for continued renal hemorrhage. 

e The American Association for the Surgery of Trauma (AAST) grading has been modified to decrease 
disparities in reporting of grades within the renal trauma literature, but there remains a broad cate- 
gorization of risk for hemorrhage within grade 3 and 4 injuries. 

e Specific radiographic parameters may serve as identifiers for patients at risk of continued renal 


hemorrhage. 


BACKGROUND 
Epidemiology of Kidney Injury 


Renal injuries are relatively uncommon and are 
present in about 1% of patients hospitalized after 
traumatic injury.‘ Of all genitourinary trauma, 
however, the kidney is by far the most commonly 
injured organ in civilian institutions.2* Extrapola- 
tions based on large renal trauma series estimate 
there to be an annual incidence of 245,000 
traumatic renal injuries worldwide.° In large 
population-based studies, blunt injury is the lead- 
ing mechanism of injury and accounts for between 
81% and 95% of cases.*° The mechanism of 
trauma can vary significantly, however, and single 
institutional series in urban centers demonstrate a 
much greater predominance of penetrating injury 
to the kidney.® Although the incidence of renal 
trauma is lower compared with other solid organ 
injuries regardless of the mechanism, these 


injuries can be associated with life-threatening 
complications of which renal hemorrhage is the 
most acute and dramatic. 


Conservative Management of High-grade 
Injuries 


Multiple studies have shown that high-grade renal 
trauma can be successfully managed in most 
cases conservatively.’ This is true even in cases 
of penetrating trauma in patients that do not 
require laparotomy for other abdominal injuries, 
have undergone appropriate radiologic imaging, 
and have adequate renal injury staging. The 
absolute indications for renal exploration are life- 
threatening hemorrhage from renovascluar injury; 
ureteropelvic junction avulsion; and urinoma un- 
responsive to minimally invasive procedures 
(ureteral stenting or perinephric drainage). The 
relative indications for exploration are laparotomy 
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for other abdominal injuries, concomitant pancre- 
atic? or bowel injury,'° and large devascularized 
segments of kidney." 

The importance of nonoperative management of 
renal injury is avoiding laparotomy and more 
importantly avoiding iatrogenic or unnecessary ne- 
phrectomy. At trauma centers with interest in renal 
trauma, nephrectomy is rare and reserved for reno- 
vascular injuries.1* However, nationally studies 
have shown that the most common operation in 
the management of renal trauma remains nephrec- 
tomy.'? In series where nonoperative manage- 
ment has been rigorously adopted, nephrectomy 
in high-grade renal trauma has dropped and pro- 
portionally renal salvage has risen.'*"'¢ It is intuitive 
and actually observed that after trauma nephrec- 
tomy renal function is halved,'® although it is 
debated whether this leads to worse outcomes. '® 
Despite this debate, it is obvious to any trauma 
surgeon that unnecessary nephrectomy in the 
setting of severely traumatized patients is harmful. 

Because the most common management of 
renal injury remains nephrectomy,'” conservative 
management of renal injuries, often with angioem- 
bolization when feasible, has been shown to 
decrease the rate of nephrectomy and increase 
renal salvage. 


CURRENT GRADING OF RENAL INJURY 


The American Association for the Surgery of 
Trauma (AAST) organ injury severity scale is the 
gold standard for assessment of traumatic renal 
injuries since its inception in 1989,'® and it has 
been shown by multiple studies to provide excel- 
lent prognostic information.'? 2° The AAST grading 
scale, however, is very broad and there is a large 
spectrum of risk for complications, such as renal 
hemorrhage within AAST grade 3 and 4 injuries. 
In addition, there is significant discrepancy in 
grading between AAST grade 4 and 5 injuries 
within the literature. One reason this grading 
subjectivity arises is because of the ill-defined 
AAST grade 5 “shattered kidney.” Many severe 
grade 4 injuries are categorized as grade 5 injuries 
because of this designation of “shattered kidney.” 


Modifications of AAST Grading 


To eliminate this discrepant grading of renal injury 
prevalent throughout the trauma literature, Buck- 
ley and McAninch?' recently proposed changes 
to the AAST grading system. The authors pro- 
posed that grade 5 injuries should include only 
those injuries that involved a main renal artery or 
renal vein injury and would cause in most cases 
total devascularization of the kidney by either 
renal hilar avulsion or an obstructive intimal arterial 


flap (Fig. 1). Examples of grade 4 and 5 injuries 
with the modified AAST grading system, referred 
to by the authors as the revised Renal Injury Stag- 
ing Classification (RISC), are illustrated in Fig. 2. 

Adopting the revised RISC means that most 
injuries that demonstrated any vascularized and 
viable kidney are designated as a grade 4 injury. 
These changes expand the breadth of grade 
4 injuries and also increase the spectrum of hem- 
orrhage risk in grade 4 injury, the subject of this 
article. It is very important to understand the 
discrepancies in the reported outcomes of high- 
grade renal injury within the literature to interpret 
the results from published series including prog- 
nostic nomograms and models. 

Although the revised RISC encourages uniform 
reporting and a greater ability to compare results 
between studies, it does not increase the prog- 
nostic value of the system and the grade of renal 
injuries still remains very broad. When Buckley 
and McAninch?' applied their proposed modifica- 
tions to the large series from San Francisco 
General Hospital they found that only 2 of 52 
patients with grade 5 injuries were downgraded 
to grade 4 and the changes made very little differ- 
ence in the renal salvage rate (4.3% vs 4.2% 
in grade 5 injuries). However, this series was 
graded with a prejudice toward the modifications 
suggested in the recent article throughout its 
maintenance over the last four decades. In other 
series, such as Altman and colleagues,?? where a 
salvage rate of grade 5 injuries was 46%, there is 
little doubt that reclassification of grade 5 injuries 
into the grade 4 category dramatically decreases 
the grade 5 renal salvage rates to make them 
more comparable with San Francisco General 
Hospital’s series. 

Thus, although these changes encompassed in 
the revised RISC may add uniformity within the 
literature they do little to increase the value of 
AAST grading to predict renal injuries that fail 
conservative management. Conversely, they act 
to broaden the definition of grade 4 injuries and 
the probable spectrum of clinical behavior of 
these injuries. Recognizing the wide spectrum of 
hemorrhage risk within grade 4 injuries, expanded 
by the revised RISC, highlights the importance 
of developing a predictive model in high-grade 
renal injury, especially given the greater contem- 
porary role of conservative management of these 
injuries. 


RADIOGRAPHIC PREDICTORS OF RENAL 
HEMORRHAGE 


Four groups have looked at radiographic findings 
associated with renal hemorrhage after trauma. 
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Grade | Grade Il Grade Ill 


Grade IV Grade V 


Arterial Thrombosis 


Fig. 1. Modified AAST grading intended to eliminate inconsistent reporting of grade 4 and 5 renal injuries. Grade 
5 injuries, with this modification, would consist of those injuries with arterial thrombus or a renal hilar injury, 
such as renal hilar avulsion. The previous grade 5 “shattered kidney” is now referred to as a grade 4 injury if there 
is vascularized kidney. 


N 


Fig. 2. Computed tomography of modified AAST grading of renal trauma. (A) Grade 4 injury with urinary extrav- 
asation. (B) Severe grade 4 laceration previously often categorized as grade 5 “shattered kidney.” (C) Grade 
5 injury with intimal flap from deceleration injury. (D) Grade 5 renal artery hilar avulsion. (Courtesy of Dr Jack 
McAninch, San Francisco General Hospital, San Francisco, CA.) 
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The first study, by Dugi and colleagues,2° was 
reported from Parkland Hospital in 2010. Their 
patient population included 102 patients with 
grade 3 and 4 renal trauma, which was caused 
by blunt trauma in greater than 90% of cases. In 
patients with AAST grade 3 and 4 blunt renal 
injuries, they proposed three imaging characteris- 
tics that were independent risk factors associated 
with the need for intervention for bleeding. These 
included intravascular contrast extravasation; 
complex laceration (defined below); and perineph- 
ric hematoma greater than 3.5 cm. 

These parameters were evaluated on the initial 
computed tomography (CT) scan, which was ob- 
tained on presentation to the emergency depart- 
ment. Intravascular contrast extravasation was 
identified during the arterial phase of the CT 
scan (Fig. 3). The location of the laceration was 
determined by drawing a line through the axis of 
the hilum of the kidney in cross-section and then 
drawing another line perpendicular to this, which 
transected the kidney into approximate quarters 
(see Fig. 3). Any laceration medial to this perpen- 
dicular line was classified as a medial laceration. 
Patients that had both a medial and a lateral 
laceration were classified as having a complex 
laceration. Perirenal hematoma distance was 


determined on the CT scan cross-section by the 
maximum measurement of the edge or rim of 
the hematoma from the capsule of the kidney on 
the CT scan cross-section (see Fig. 3). 

The three risk factors in this study were all signif- 
icantly independently associated with need for 
intervention for hemorrhage. Intravascular contrast 
extravasation, a complex laceration, and a perire- 
nal hematoma distance greater than 3.5 cm 
increased the odds of intervention for hemorrhage 
by 13.8, 8.4, and 10, respectively. The authors then 
assigned 1 point to each of these risk factors and 
determined a “renal trauma risk score” with a 
possible score of 0 to 3 points. They found that pa- 
tients with 0 or 1 points had a risk of intervention for 
renal hemorrhage of 7% versus 67% in patients 
with 2 or 3 points. Overall, 18 of the 102 patients 
required intervention for hemorrhage (8 patients 
at AAST grade 3; 10 patients at AAST grade 4) 
and the overall predictive accuracy was 80% of 
their proposed model. 

In a 2011 French study of angiographic interven- 
tion for renal hemorrhage after trauma, Charbit 
and colleagues** analyzed several CT scan criteria 
with regard to need for angiographic embolization 
(either selective or the entire kidney) after renal 
trauma. Their study included 52 patients that had 


Fig. 3. Computed tomography of radiographic findings associated with intervention for renal hemorrhage. (A) 
Intravascular extravasation. (B) Both a medial and lateral laceration, classified as a complex laceration. (C) Mea- 
surement of a perirenal hematoma rim distance from the renal capsule to the rim of the hematoma. 


AAST grade 3 or higher injuries. The predominant 
mechanism was again blunt trauma in 89%. This 
study included only angiographic intervention in 
patients that were managed conservatively and, 
although all the patients had initial CT scan, five 
were excluded because they underwent nephrec- 
tomy or partial nephrectomy. Of the 52 patients 
managed conservatively that did not require 
operative management the authors analyzed the 
predictive value of intravascular extravasation, 
perirenal hematoma rim distance, laceration loca- 
tion, and discontinuity of Gerota fascia. All patients 
at their center who required greater than 2 units 
packed red blood cells and had intravascular 
extravasation or a large perirenal hematoma un- 
derwent angiography per their treatment protocol. 
They then tried to retrospectively correlate these 
and the other CT scan findings to the need for 
angioembolization. 

The authors of this study were unable to corre- 
late many of the CT scan findings with need for 
intervention with angioembolization. They were 
able, however, to define a patient group that abso- 
lutely did not need angiography and embolization 
as those that did not demonstrate intravascular 
extravasation and had a perirenal hematoma rim 
distance of less than 2.5 cm. This was found to 
be true despite some of these patients clinically 
demonstrating ongoing bleeding, which was 
attributed to other injuries. 

In a set of studies from a Taiwanese group, 
several CT findings were studied to determine 
the need for angiographic intervention. The first 
of these studies in 2010 by Fu and colleagues?" 
examined 26 patients undergoing angiography 
for blunt renal injury. Hemodynamically stable pa- 
tients presenting with acute injury underwent CT 
scans as part of their trauma assessment. All 
patients with active contrast extravasation on CT 
underwent angiography and those with persistent 
bleeding then underwent embolization. The CT 
findings were reviewed retrospectively to look 
for predictors of the need for embolization. Of 
the 14 of 26 patients who underwent emboliza- 
tion, 79% had a disruption of Gerota fascia versus 
2% in the nonembolization group. However, 
disruption of Gerota fascia was not found to be 
significant by Charbit and colleagues** in the 
French series. 

In an update of their series, Lin and colleagues?° 
looked at CT findings in those patients with renal 
trauma of AAST grade 3 or greater who underwent 
angiography. The angiography protocol was 
similar to the 2010 series. A total of 81 patients 
were included with 22 patients (27%) undergoing 
embolization. Contrast extravasation, extent of he- 
matoma, and perirenal hematoma rim distance 
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were all significant predictors of the need for 
embolization. Extent of hematoma was defined 
as extending down into the pelvis, across the right 
margin of the aorta for left-sided renal injuries, or 
extending across the left margin of the vena cava 
for right-sided renal injuries. The combination of 
contrast extravasation and extent of hematoma 
had the highest predictive value. 

The final study originated from our own institu- 
tion, the University of Utah.'” In Utah, there are 
two adult level 1 trauma centers and the data 
were pooled from these centers. Penetrating 
trauma is rare in Utah (similar to the Parkland 
study, where only 5.8% of injuries had this mech- 
anism)?’ and for this reason we excluded patients 
with this mechanism. We also excluded patients 
that were taken to the operating room immedi- 
ately without a CT scan and patients that had 
grade 5 injuries as defined by the revisions 
recently suggested by Buckley and McAninch.?" 
We found a total of 115 patients that met the in- 
clusion criteria (blunt injury, AAST grade 3 or 4, 
CT scan done on presentation). We analyzed the 
three parameters defined by the Parkland Hospi- 
tal group and found that intravascular extravasa- 
tion and a perinephric hematoma rim distance 
greater than 3.5 cm both were associated with 
the need for intervention for hemorrhage by 
16.4- and 8.4-fold, respectively. The location of 
laceration in the kidney, however, was not inde- 
pendently associated with intervention for renal 
hemorrhage, which was different than the findings 
from Parkland Hospital. 

Our data also supported the Parkland Hospital’s 
renal trauma risk score. We found that patients 
with O or 1 point had a risk of intervention of 
2.9%, versus 18% and 50% in those patients 
that had 2 and 3 points, respectively. Our study 
was different in several important respects from 
the original Parkland study. We had a very low 
intervention rate of 7% (eight total patients) 
compared with 18% in the Parkland study.?3?4 
The angiographic intervention rate was 20% in 
the French study and 27% in the Taiwanese 
study.2*:25 We hypothesized that this likely origi- 
nated from differences in management regarding 
initial imaging and differences in threshold for 
treatment of ongoing hemorrhage. For instance, 
in the French study all 101 patients with renal 
trauma had a CT scan on presentation.?* This is 
very different from our practice where patients 
with unstable hemodynamics and a positive 
focused abdominal sonogram for trauma exami- 
nation are taken immediately for operative explo- 
ration without a CT scan. In our study 11 patients 
out of the 32 that were excluded had nephrectomy 
or partial nephrectomy. If these patients had 
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undergone a CT scan before the operating room 
our intervention rate would have likely been 
much higher. Another practice variation that could 
easily account for differences in outcomes be- 
tween the three studies is how tolerant centers 
and individual trauma surgeons are to hemor- 
rhage. In the French study patients were taken 
for angiography if they needed greater than 2 units 
of packed red blood cells and had either intravas- 
cular extravasation or a “large” perirenal hema- 
toma on their initial CT scan. The Taiwanese 
group had even less stringent criteria for angiog- 
raphy requiring only active vascular contrast 
extravasation on initial CT scan. Embolization 
was performed with any signs of bleeding on angi- 
ography regardless of transfusion requirements or 
hemodynamic status.2°° These criteria would be 
regarded as overly aggressive at many centers, 
and intuitively would lead to a much higher inter- 
vention rate than a more conservative strategy. 
Another example of different management strate- 
gies in regards to ongoing hemorrhage is that 
44% (8 of 18) of patients in the Parkland study 
that required intervention had grade 3 injuries. 
This is dissimilar to our findings, where we found 
no patients with grade 3 injuries needed interven- 
tion. Another possible factor that could lead to 
the inconsistencies between the studies is differ- 
ences in mechanism of injury. For instance, 21% 
of the patients in our series had sports-related in- 
juries that often produce high-grade isolated renal 
injuries.?” Patients with isolated renal injury could 
potentially tolerate more hemorrhage than those 
with multitrauma that are bleeding from many 
different sites. 


DISCUSSION 


All of the radiographic findings that have been 
explored as potential predictors of dangerous 
ongoing renal hemorrhage are independent of 
the AAST grade. These risk factors can be applied 
to an initial CT scan regardless of whether the 
AAST grade is correctly assigned. This is impor- 
tant because of the inconsistencies in grading 
patients with renal injury.’ It is also important 
because in many trauma centers, including our 
own, correct genitourinary imaging after trauma 
can be difficult to obtain because of tertiary referral 
or ongoing management of other injuries. At our 
institution, only 73% of patients with high-grade 
renal injury or a perirenal fluid collection had 
appropriate imaging with an excretory phase CT 
scan.2® The authors of the Parkland Hospital 
study, in their paper, proposed that AAST grading 
be modified to include a 4a and 4b category based 
on their renal trauma risk score. Those patients 


with a renal trauma risk score with O to 1 points 
with a 7% risk of intervention would be classified 
as 4a and those patients with 2 to 3 points with a 
67% risk of intervention would be classified as 4b. 

Clinical parameters have also been used 
successfully to define risk of intervention including 
renal exploration for hemorrhage independent of 
presenting imaging characteristics.2°°° The ideal 
predictive model with reliable sensitivity and 
specificity would likely incorporate clinical and 
radiographic aspects of trauma patients’ presen- 
tations to predict their hemorrhage risk and their 
clinical outcome. For instance an elderly patient 
with radiographic indicators of continued hemor- 
rhage would likely need to be treated much more 
aggressively than a young patient with hemody- 
namic reserve. The same may be true of concom- 
itant injuries. Patients that suffer from multiorgan 
trauma may not tolerate additional hemorrhage 
compared with patients with a solitary kidney 
injury, which is more often seen in sports-related 
accidents.2” 

A multi-institution study is needed that incorpo- 
rates imaging characteristics at presentation and 
clinical factors, such as shock, presence of 
acidosis, comorbid state, concomitant injuries, 
injury severity score, initial hemoglobin, and 
ongoing transfusion requirements, among other 
factors to guide trauma surgeons about the need 
for interventions for continued renal hemorrhage. 


SUMMARY 


The success of the current movement toward 
nonoperative management of high-grade renal 
injuries would be strengthened with a precise 
and reproducible method of identifying patients 
at increased risk for renal hemorrhage. Failure 
of conservative management in the immediate 
setting is mostly from continued hemorrhage of a 
high-grade renal injury. A predictive nomogram 
or model would be invaluable in the setting of 
conservative management of renal injury and 
allow stratification of risk for continued renal hem- 
orrhage. Trauma surgeons could then intervene 
with angioemobolization, nephrectomy, or partial 
nephrectomy if risk of hemorrhage was unaccept- 
ably high. A model or nomogram could also help 
guide referral to tertiary care centers or mandate 
a higher level of monitoring for hemorrhage in 
at-risk patients. Several radiographic findings 
have the potential of adding value in a model that 
predicts ongoing hemorrhage risk after high- 
grade renal trauma. Such a future model should 
also incorporate clinical patient characteristics, 
which would likely produce the most accurate pre- 
dictive tool. 
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KEY POINTS 


e Damage control management of urologic injuries is performed in conjunction with the managing 


trauma team. 


e Evaluation and management of genitourinary injuries in a damage control setting requires uncon- 
ventional evaluation and surgical techniques because of the critical nature of this group of injured 


patients. 


e Renal injury can often be expectantly managed because of containment of hemorrhage by normal 


fascial anatomy. 


e Temporary urinary diversion through externalized tubes and catheters is acceptable and appro- 


priate in the damage control setting. 


e Complex genitourinary reconstructive surgery should be delayed until the patient is hemodynami- 
cally and metabolically stable for prolonged surgery. 


INTRODUCTION 


Damage control in the management of multiorgan 
trauma is a well-established principal in severely 
injured patients.’ The underlying objective is pa- 
tient survival at all costs. Typically, these patients 
are critically ill and an abbreviated laparotomy 
is performed to rapidly control life-threatening 
bleeding or injuries and the patient is temporarily 
closed and resuscitated in an intensive care unit 
setting. The clinical hallmark of patients requiring 
damage control is the triad of hypothermia, meta- 
bolic acidosis, and coagulopathy.2° Since the 
term “damage control” was coined in 1993 this 
multiphase patient management strategy has 
been expanded to include nonabdominal trauma 
including thoracic, vascular, and neurosurgical. 4 
The genitourinary organ system is also well suited 


to this style of management in this subgroup of 
patients. 

Over the past 20 years, we have worked to 
select approaches to management of the urinary 
system that allow a common patient care philoso- 
phy with our trauma general surgeons. Many uro- 
logic injuries can be successfully managed with a 
planned delayed definitive management after 
initial hemodynamic control and resuscitation 
including certain renal, ureteral, bladder, urethral, 
and genital injuries. This article addresses injury 
selection, initial imaging and injury staging, initial 
management at damage control, options for defin- 
itive management of urologic trauma, and compli- 
cations of urologic damage control. Additionally, a 
brief history of damage control and communica- 
tion and interaction between the urologist the 
trauma surgeon are discussed. 
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HISTORY OF DAMAGE CONTROL 


Damage control is a systematic three-phase 
approach to management of critically injured pa- 
tients presenting with the lethal clinical triad. 
These patients typically undergo an initial ab- 
breviated laparotomy to control life-threatening 
bleeding and fecal contamination (phase 1). This 
is followed by fluid resuscitation, correction of 
coagulopathy, and warming in the intensive care 
setting (phase 2). Then, after the patient is hemo- 
dynamically stable, they are returned to the oper- 
ating room for definitive management of 
abdominal injuries and closure of the abdominal 
wall (phase 3). The evaluation of damage control 
began in the 1980s with the publication of multiple 
series evaluating a subset of critical patients with 
severe abdominal injuries.>-° Before this, the tradi- 
tional concept was that an injured patient is evalu- 
ated in the emergency department and is taken to 
the operating room for a definitive procedure and 
the abdomen closed. In the 1980s, Feliciano and 
Mattox began to evaluate abdominal packing for 
severe liver injuries.>”? In a series of 300 consec- 
utive abdominal gunshot wounds, they noted that 
survival in this group was worse in patients who 
developed the triad of acidosis, hypothermia, 
and coagulopathy.? Four years later, Burch and 
colleagues'® described an abbreviated laparot- 
omy in 200 patients with this same triad and noted 
a survival rate of 33%. The term damage control 
was coined in 1993 by Rotondo and coworkers’ 
after their evaluation of 46 patients, 24 treated 
with abbreviated laparotomy, and found a survival 
benefit in patients with significant vascular and 
multiple visceral injuries. Since that time, damage 
control has continued to evolve as a major trauma 
management strategy for critically injured patients 
and has been applied in the civilian and military 
settings. 11715 


GENERAL MANAGEMENT ISSUES 
Emergency Department 


Evaluation of the urinary system for injury has 
improved over time so that well-defined indica- 
tions exist for examination, imaging, and labora- 
tory study of these patients.'©'” In general, all 
hemodynamically stable patients with gross he- 
maturia or those patients with blunt or penetrating 
mechanism, microscopic hematuria, and an 
episode of hypotension (defined as systolic blood 
pressure of <90 mm Hg) require contrast- 
enhanced imaging.'”-2° In most modern trauma 
centers the preferred imaging technique is cross- 
sectional imaging by computed tomography.'® In 
those patients who are not hemodynamically 


stable, imaging studies might not be feasible 
because often these individuals are rapidly trans- 
ported to the operating room. Although desirable, 
confirmation of two functional kidneys preopera- 
tively is not always possible in these settings. 

Interaction with the trauma service is beneficial 
for deciding the urgency and necessity of imaging, 
facilitating the completion and performance of 
these studies when necessary, and placing and 
evaluating urinary drainage catheters. We have 
found that close preoperative collaboration with 
the trauma surgery team has facilitated the devel- 
opment of preoperative imaging protocols and 
streamlined intraoperative evaluation and man- 
agement of urologic injuries. 


Communication 


In patients with multisystem trauma, successful 
management demands frequent and effective 
communication between various entities, espe- 
cially between the teams of surgical specialties 
managing these patients. This is especially true 
in the damage control patient because their overall 
survival is lower as a result of the frequent triad of 
hypotension, hypothermia, and coagulopathy.?!-22 

The optimal time for consultation of surgical 
subspecialties by the trauma surgery service is 
“as soon as possible,” irrespective of need for 
initial support. In our hospital, we are routinely 
notified in instances of penetrating trauma when 
the patient has gross hematuria while the patient 
is still being evaluated in the shock room. When 
notified at this stage, we can participate in the 
entire sequence of urinary system evaluation and 
management from initial recommendations for 
radiologic studies through possible surgical treat- 
ment. Furthermore, we are able to rapidly assist 
with drainage or diversion of the urinary system 
and discuss expected outcomes caused by delay- 
ing definitive management of the urinary system 
injuries. Although the trauma service ultimately 
controls patient management decisions, we 
believe that our early input allows for more com- 
plete patient care and improvement in outcomes 
in these critically injured patients. 


Intraoperative Evaluation 


In patients taken emergently to the operating room 
multiple options exist for evaluation. The “one- 
shot” intravenous urogram performed in the 
operating room provides basic information before 
intervention, namely the presence or absence of 
bilateral nephrograms.?*74 One caveat in this 
setting is that a hypotensive patient may not 
have the intravascular volume or pressure to filter 
enough contrast through the collecting system to 
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create a nephrogram. A second, less conven- 
tional, option is to administer a vital dye, such as 
methylene blue or indigo carmine, intravenously 
and atraumatically occlude the ureter of the injured 
kidney.2° Contralateral function can be confirmed 
with the collection of discolored urine in the cath- 
eter collection bag. 

Injuries to the lower urinary tract should not 
delay urgent intervention when ongoing blood 
loss creates concern for patient survival. Evalua- 
tion of the urethra and bladder can readily be 
performed in the operating room after significant 
hemorrhage has been controlled. In patients with 
suspected urethral injury, options for intraopera- 
tive evaluation include cystoscopy or retrograde 
urethrogram after abdominal exploration. These 
evaluations should be performed before catheter 
insertion. The bladder can be evaluated by ex- 
ploration and bladder distention with retrograde 
infusion of vital dye or with static stress cystogram 
after abdominal exploration and control of 
hemorrhage. 

External genital injury is rarely life threatening 
and does not require preoperative evaluation in 
the unstable patient. Key considerations are con- 
trol of hemorrhage with pressure dressing or 
clamping and suture ligation of bleeding vessels 
intraoperatively. Hemorrhage control can be per- 
formed either concomitantly with abdominal 
exploration or after life-threatening issues have 
been addressed. 


Intraoperative Hemorrhage 


Significant sources of bleeding within the gen- 
itourinary system include kidney, bladder, urethra, 
and genitalia. The specific management of organ- 
specific injury is discussed later; however, several 
important considerations merit special mention. 
Typically, retroperitoneal bleeding in the kidney is 
confined within Gerota’s fascia or the perirenal 
fascia and can be left undisturbed. Indications 
for exploration include pulsatile retroperitoneal he- 
matoma or ongoing bleeding through or around 
the perirenal fascia. Bladder hemorrhage mani- 
fests in two forms: extravesical or intravesical. Ex- 
travesical hemorrhage can occur into either the 
pelvis or abdominal cavity by laceration of the peri- 
vesical blood vessels or the detrusor muscle. In- 
travesical hemorrhage occurs from mucosal or 
detrusor laceration and can cause rapid, profuse 
gross hematuria. With extravesical hemorrhage, 
rapid suture ligation of bleeding or perivesical 
packing with laparotomy pads for control may be 
necessary. For intravesical hemorrhage, tempo- 
rary hemorrhage control can be facilitated by cath- 
eter occlusion and clot tamponade with correction 


or repair after the patient is stable. Genital 
bleeding is usually controlled with suture ligation, 
but definitive complex genital reconstruction often 
requires a future trip to the operating room. 


Uncontrolled Urinary Extravasation 


Although desirable, early urinary control is impor- 
tant but lower priority in the order of patient man- 
agement issues. In contrast to uncontrolled fecal 
contamination, which can result in early sepsis, 
urine is typically sterile and does not pose this 
risk. However, ongoing urinary extravasation 
does create tissue irritation and can cause peri- 
nephric, retroperitoneal, peritoneal, or pelvic 
inflammation.2© Because many techniques of 
temporary abdominal closure involve vacuum 
dressing or closed suction drains, often much of 
the extravasated urine is removed. Additionally, 
many options for temporary urinary diversion exist 
that can be rapidly implemented on either the initial 
exploration or at future surgery. This allows for 
definitive repair to be delayed or deferred until 
the patient is hemodynamically stable and recon- 
structive surgery is appropriate. For upper-tract in- 
juries, an externalized stent can be quickly placed 
and provide thorough urinary diversion. In lower- 
tract injuries, such as significant bladder injuries, 
which cannot be quickly repaired, ureteral diver- 
sion stents prevent or lessen pelvic or abdominal 
urinary extravasation and subsequent inflamma- 
tory response. 


MANAGEMENT OF SPECIFIC ORGAN INJURIES 
Renal Injury 


Our approach to intraoperative evaluation and 
management of renal injuries begins with an 
assessment of the patient’s hemodynamic stability 
and discussion with the operating trauma service 
about management goals. Often, a patient 
undergoing abbreviated laparotomy and damage 
control management has limited preoperative 
radiologic evaluation. In these cases, decision- 
making is based on operative findings and avail- 
able adjunctive studies. Most renal injuries are 
amenable to a damage control approach with the 
exceptions being expanding or pulsatile hema- 
toma and ongoing uncontained hemorrhage. We 
have found that expectant management is suc- 
cessful and appropriate in those patients who 
are not hemodynamically stable enough to un- 
dergo the necessary reconstruction in salvageable 
injuries.2”-?° Additionally, it is common practice in 
urologic trauma patient management to observe 
and monitor high-grade renal injuries from blunt 
mechanism.?’-°° Our approach in damage control 
patients is to evaluate but not necessarily explore 
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a confined retroperitoneal hematoma or hemor- 
rhage. Delayed formal exploration and reconstruc- 
tion can then be performed in a fully resuscitated 
and more stable patient. 

In those patients with penetrating injuries, the 
injury is often apparent based on the site of retro- 
peritoneal penetration.*' Blunt injuries can be 
more challenging because the retroperitoneal fas- 
cia is often intact and without the benefit of preop- 
erative imaging, the exact location of the injury is 
more difficult to ascertain. In these patients, eval- 
uation of the hematoma is paramount in deciding 
which patients to explore. We have observed 
that retroperitoneal hematomas requiring explora- 
tion are relatively easy to identify, usually indicate 
renal pedicle injury, and are a life-threatening 
emergency. The most difficult patients to manage 
are those with an intimal arterial disruption causing 
vascular occlusion. In those patients without pre- 
operative imaging, the surgeon must decide if 
the injury warrants exploration and if the patient 
is stable enough to undergo evaluation and repair 
of the arterial injury. Often, in patients undergoing 
abbreviated laparotomy, the patient’s condition 
dictates that unilateral arterial intimal repair be 
delayed, especially in the presence of a normal 
contralateral kidney. In these cases, prolonged 
warm ischemia usually results in irreparable 
damage and renal loss. 

Further retroperitoneal exploration can be per- 
formed without disturbing the contained renal 
hematoma. Central retroperitoneal hematomas 
(zone 1) are concerning for vascular injuries, 
namely the aorta and vena cava. If an injury to 
these structures is suspected, the trauma surgeon 
can enter the retroperitoneum and leave the 
confined renal hematoma undisturbed within the 
perinephric fascia. If the perirenal fascia is violated 
and renal cortical bleeding is noted, packing the 
renal fossa tightly with laparotomy pads can 
salvage the kidney in an unstable patient. At a 
future operation, the packs can be removed, the 
wound irrigated, and the injury repaired in the 
appropriately selected patient.2552 

A risk of damage control management is that 
ongoing or even life-threating hemorrhage can 
occur from the injured kidney while the patient is 
resuscitated, warmed, and awaits re-exploration 
and repair. However, our experience has shown 
that this is not a frequent occurrence and careful 
monitoring, as in all patients undergoing damage 
control, is sufficient. In the damage control setting, 
major renal parenchymal injury can result in urinary 
extravasation that is difficult to control without sig- 
nificant reconstructive efforts. Our usual approach 
is to begin with external drainage and plan for 
management at a future operation. In general, a 


brief period of controlled local urinary extravasa- 
tion is unlikely to result in a significant adverse 
event or impact overall recovery of the patient. 

During phase 2 in the damage control process, 
which is usually a period of 48 to 72 hours, sus- 
pected renal injuries identified in the first laparot- 
omy are staged. In most patients, we obtain 
cross-sectional imaging with contrast-enhanced 
computed tomography scans to identify injuries 
and select patients for subsequent operation and 
reconstruction or continued expectant manage- 
ment with no plan for operative intervention.'©*! 
Identifying renal injuries that are appropriate for 
nonoperative management allows the trauma sur- 
gery team to concentrate on other critical injuries 
and does not expose the patient to the potential 
morbidity of unnecessary renal surgery. The 
most important point is to fully stage unknown or 
suspected injuries. 

In select patients, adjunct imaging including 
arteriography may be appropriate. In these situa- 
tions, arteriography can be diagnostic and thera- 
peutic for renal, vascular, or solid organ injury. In 
some injured patients, angioembolization is an 
appropriate and less morbid treatment especially 
during phase 2 of damage control management. 
However, emerging data show an overuse of an- 
gioembolization in the management of renal injury 
based on grade of the injury. An individualized 
approach to the selection of operative versus 
angiographic control of delayed renal hemorrhage 
is important and should be based on factors 
including level of radiologic expertise available, 
other nonurologic indications, severity of renal 
injury, and stability of the patient. 

In patients who require delayed definitive opera- 
tive management, the concepts and operative 
steps are similar to other renal trauma manage- 
ment.22 We believe that initial hilar control is 
important and thus the hilum is initially accessed 
to provide for arterial and venous control. We 
have also developed an alternative method of 
vascular control that does not involve individual 
control of the renal artery and vein.'2° In this 
technique, vascular control is obtained by bluntly 
dissecting along the plane of the psoas muscle 
fascia, adjacent to the great vessels, and directly 
placing a vascular pedicle clamp on the renal 
hilum. We have found this particularly helpful in in- 
stances where significant or rapid bleeding is 
noted. Regardless of the method of vascular 
control used, it is important to avoid unnecessary 
nephrectomy because of diffuse bleeding from 
inadequate control of the renal hilum. After 
vascular control, the kidney is mobilized, the 
perirenal fascia opened, and the hematoma is 
evacuated. After the kidney is adequately 
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exposed, the injury is debrided and definitive 
repair is performed. We believe that ureteral 
stenting or nephrostomy diversion should be 
strongly considered after delayed reconstruction 
because of the increased risk of postoperative 
urinary extravasation compared with primary 
repairs. 


Ureteral Injury 


Damage control management of ureteral injury is 
readily applicable for many reasons.?435 Primarily, 
the risk of bleeding secondary to a ureteral injury is 
minimal and outweighed by more pressing con- 
cerns with other injuries. Additionally, there are 
many available options for urinary diversion which 
can be rapidly implemented that preserve tissue 
quality and anatomic relationships. Finally, ureteral 
reconstruction can be a challenging and time- 
consuming endeavor.°° Depending on the level 
of ureteral injury and the status of surrounding tis- 
sues, temporary urinary diversion or adjuvant 
measures may be the best management option 
when the patient is unstable and resuscitation in 
the intensive care unit is necessary. 

A ureteral injury can be diverted using any num- 
ber of small, hollow medical tubes to intubate the 
ureteral lumen and externalize the open end of 
the selected tube. Our preference is to use “sin- 
gle-J” stents (Fig. 1), commonly used in elective 
urinary diversion procedures; however, a Cordis 
catheter, central line, or feeding tube can be 
used with equal efficacy if a specific stent is not 
available. Regardless of diversion method, it is 


Fig. 1. Damage control management of upper 
ureteral laceration sustained from abdominal gunshot 
wound. A single-J stent is brought out for temporary 
urinary diversion. The patient was cold, unstable, and 
coagulopathic; bowel injuries were stapled off 
acutely. Delayed planned re-exploration with bowel 
and ureteral reconstruction was safely conducted 
the next day after vigorous resuscitation. 


important to use a guide wire to ensure that the de- 
vice travels proximally into the renal pelvis. We 
secure the stent or tube to the proximal ureter us- 
ing a 3-0 silk suture and only compress a minimal 
amount of ureteral tissue (1-2 mm). This prevents 
migration or dislodgement of the stent and at the 
same time preserves ureteral tissue for future 
repair. The distal end of the stent is externalized 
through a stab incision in the abdominal wall and 
secured to the skin, after which a drainage bag is 
placed. With the urine diverted in this fashion, renal 
output can be monitored until the patient can 
safely return to the operating room for definitive 
repair. If the stent becomes occluded with blood 
clots or debris, the free lumen can be gently irri- 
gated with saline until drainage resumes. If there 
is any question as to the position of the stent, 
either plain radiographs or injection of contrast 
confirms the location of the proximal aspect of 
the stent. In cases of complete ureteral transec- 
tion, we do not manipulate, ligate, or divert the 
distal end of the ureter. Usually, urinary reflux is 
not a concern in injured patients. If the distal ureter 
is manipulated or ligated this damages the tissue 
resulting in ureteral tissue loss and affects the 
future reconstruction of the ureter. 

If the patient’s condition does not allow for 
diversion as described previously or no appro- 
priate tube or device is available, an option for 
management is proximal ureteral ligation with 
diversion of the urine by a nephrostomy tube typi- 
cally placed postoperatively in the interventional 
radiology suite. The ureter can drain freely into 
the abdominal cavity, if necessary, with urinary 
drainage by an external drain or as part of the tem- 
porary abdominal closure. However, our preferred 
method of drainage and diversion is an intubated, 
externalized stent that allows for assessment of 
renal output and is easy to perform. The initial 
management of these injuries is certainly within 
the ability of the managing trauma service. We 
believe that early urologic consultation is impor- 
tant for evaluation in the initial laparotomy and 
planning purposes in future reconstructive 
surgeries. 

In phase 3, the stable patient returns to the 
operating room for reconstruction. We re- 
evaluate the ureter at that setting to determine 
the appropriate reconstructive technique, typically 
either primary ureteroureterostomy (spatulated 
end-to-end anastomosis) or ureteroneocystos- 
tomy (reimplantation into the bladder).°° The 
former is used for reconstruction of upper and 
select midureteral injuries and the latter is used 
for reconstruction of distal ureteral and select 
midureteral injuries or lower ureteral loss. Other 
reconstructive techniques may be required (Boari 
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flap, ileal ureter, and so forth) but these are 
beyond the focus of this article. Again, use of 
stents and urinary diversion are encouraged 
because of the increased likelinood of postopera- 
tive anastomotic extravasation in the setting of 
delayed reconstruction. Furthermore, any injury 
or repair performed in proximity to an intestinal 
injury should have tissue separation with either 
omentum or other tissue interposition techniques 
(eg, peritoneum) to isolate any postoperative leaks 
and minimize these potential effects on the repair 
of nonurologic injuries. 


Bladder 


On occasion, a patient sustains pelvic trauma with 
bladder injury, regardless of mechanism, and is 
too hemodynamically unstable to undergo primary 
bladder repair. In blunt trauma, this may occur in 
patients with complex bladder rupture related to 
severe pelvic fracture and pelvic bleeding. In 
penetrating trauma, these patients may have mul- 
tiple pelvic gunshot wounds or a high-velocity mis- 
sile injury with injury to other pelvic organs (colon) 
or devastating vascular injuries. Management of 
extraperitoneal bladder injury from blunt mecha- 
nism is well described and most patients managed 
in this fashion recover completely.°°*” Others 
have described management of select penetrating 
injuries to the bladder, which are completely ex- 
traperitoneal with simple catheter drainage.°° It is 
appropriate to temporarily drain the bladder with 
a transurethral Foley catheter or suprapubic cys- 
tostomy catheter in the patient undergoing abbre- 
viated laparotomy. For extensive bladder injury, no 
direct bladder drainage by catheter adequately 
drains the urine and thus ureteral stents may be 
passed into the ureteral orifices bilaterally and 
externalized to divert the urinary output of the 
kidneys temporarily. 

We have used multiple techniques for urinary 
diversion in unstable patients with complex 
bladder injuries. The technique described previ- 
ously is efficient in hemodynamically unstable pa- 
tients with concomitant bladder and pelvic injuries. 
Alternatively, we have used a closed suction drain 
placed in proximity of the bladder and initially left 
the drain off suction (to allow for a pelvic hema- 
toma to form) and then began suction after coagul- 
opathy and fluid resuscitation has been initiated. 


Urethra 


Most urologists are familiar with the damage 
control techniques used in posterior urethral in- 
juries.°”°° In these patients, a suprapubic cystos- 
tomy tube is placed for initial urinary diversion and 
then elective repair is completed weeks or months 


after the initial injury. In patients with blunt and 
penetrating posterior urethral injury, we continue 
to consider early endoscopic realignment after 
the patient has been fully resuscitated and returns 
to the operating room. However, regardless of the 
secondary approach, the management of poste- 
rior urethral injuries follows the general principals 
of damage control management, which is rapid 
diversion of the urine as a temporizing measure 
and re-evaluation of the stable patient. Penetrating 
posterior injuries may require rapid control of 
bleeding with suture ligation and packing before 
urinary diversion. We do not believe that significant 
manipulation of posterior urethral injuries is indi- 
cated in the unstable patient and in these injuries 
the role of the urologist is to obtain bladder access 
for urinary diversion in the most expeditious and 
least morbid approach possible. Most are 
amenable to successful delayed, single-stage, 
anastomotic repair (Fig. 2). 

In anterior urethral injuries, patients undergoing 
abbreviated laparotomy typically either sustain 
complex or multiple penetrating injuries or com- 
plex pelvic or perineal trauma. In those with pene- 
trating injury, suture ligation for control of urethral 
bleeding may be necessary. Otherwise, the 
approach in these patients is urinary drainage 
either with transurethral or suprapubic cystos- 
tomy tube drainage and delayed definitive 
reconstruction. 


External Genitalia 


Injuries to the external genitalia are rarely life- 
threating and thus, damage control is appropriate 


Fig. 2. Delayed management of posterior urethral 
gunshot wound. Combined retrograde urethrogram 
and cystogram reveal short obliterative bulbomem- 
branous defect, successfully reconstructed by elective 
posterior urethroplasty involving excision with pri- 
mary anastomosis. 
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in these injuries.2”4°4" In multisystem trauma, 


initial management is compression with pressure 
dressings and then wound irrigation and limited 
debridement to preserve tissue for future recon- 
structive surgery. Arterial bleeding may require su- 
ture ligation but these vessels are readily identified 
in the wound and this step can be performed dur- 
ing the abbreviated laparotomy. Our approach is 
to limit indiscriminate cauterization and excessive 
tissue debridement at damage control laparot- 
omy. Determining which tissues are viable long- 
term is difficult prior to patient resuscitation. 
Wound vac dressings are an excellent adjunctive 
measure to be considered for devastating genital 
skin loss injuries. 


COMPLICATIONS OF DAMAGE CONTROL 
MANAGEMENT FOR UROLOGIC INJURIES 


In our experience, complications from delayed 
repair of renal, ureteral, and bladder injuries are 
more common than in patients undergoing repair 
and reconstruction at initial injury presentation. 
We have two hypotheses about this observation. 
The delicate urinary tissues become inflamed 
and edematous following injury making repair 
more challenging. Injuries that require deferred 
management may represent more complex 
wounds and thus are more technically difficult to 
repair. Based on this, we more frequently use 
stents and urinary diversion, tissue interposition 
when possible, and early adoption of antibiotics 
therapy, especially in those patients with initial 
external diversion of urine. 


SUMMARY 


Damage control management of urologic injuries 
is a technique borrowed from general trauma sur- 
gical principles but applicable to the entire urinary 
system. The objective is to restore normal genito- 
urinary anatomy and function by temporizing 
ongoing derangements while the critically injured 
patient is resuscitated and warmed. Often, uncon- 
ventional evaluation and management is neces- 
sary in the phase 1 surgery of damage control 
and proven urologic techniques can be imple- 
mented in the phase 3 surgery. The most impor- 
tant aspects of damage control surgery from the 
urologist’s perspective are communication of the 
initial injuries and future management plans and 
availability to assist the trauma service with 
ongoing patient evaluation. Ongoing outcomes 
analyses are required to evaluate the best man- 
agement strategies and identify novel techniques 
that lessen complications and promote return of 
optimal genitourinary function. 
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KEY POINTS 


e The guiding surgical principle during ureteral reconstruction is creation of a tension-free, watertight 
anastomosis using absorbable sutures that is widely spatulated with preserved blood supply. 

e Important factors when planning for ureteral reconstruction include length/location of the stricture, 
need for bowel interposition, and need to access the bladder. 

e Urologists who repair proximal ureteral strictures should be familiar with ureteroureterostomy, 
transureteroureterostomy, downward nephropexy, ureterocalicostomy, bladder flap, psoas hitch, 


bowel interposition, and nephrectomy. 


INTRODUCTION 


Proximal ureteral strictures present a complex 
challenge to the urologist, often necessitating 
familiarity with a variety of surgical strategies for 
management. Because so many options exist for 
repair of the proximal ureteral stricture, consensus 
regarding optimal treatment can be elusive. The 
characteristics of each patient and surgeon’s 
experience combine to determine the surgical 
plan. When considering the repair of a proximal 
ureteral stricture, the urologist should be familiar 
with the techniques listed in Box 1. The impor- 
tance of understanding these surgical approaches 
is highlighted by the increased incidence of ure- 
teral injury secondary to the advent of uretero- 
scopy and laparoscopy. ! 

Given the retroperitoneal location of the ureter, 
it is well protected from external trauma. It is 


therefore expected that ureteral trauma occurs in 
only 2.5% ofall genitourinary injuries, most of which 
are caused by penetrating injury (61.5%-96.5%) 
within the proximal ureter (70%).2~4 In the acute 
trauma setting, it may be necessary to delay defin- 
itive reconstruction of ureteral injuries until the 
patient is stable. This delay may warrant well- 
established temporary damage control maneu- 
vers, such as externalized single-J ureteral catheter 
placement or ligation of the proximal ureter with 
postoperative placement of a nephrostomy tube.” 


PREOPERATIVE EVALUATION 


Numerous patient characteristics must be consid- 
ered when deciding on the surgical approach to 
proximal ureteral strictures (Box 2). The im- 
portance of a thorough patient history and phys- 
ical examination cannot be overemphasized. 
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Box 1 

Surgical techniques for proximal ureteral 
defect 

Ureteroureterostomy 


Transureteroureterostomy 


Downward nephropexy 


Ureterocalicostomy 
Bladder flap 

Psoas hitch 

Bowel interposition 

Renal autotransplantation 


Nephrectomy 


A preoperative urinalysis and urine culture are 
mandatory with antibiotics as indicated. Mechani- 
cal bowel preparation should be performed for 
any patient who may potentially undergo an intesti- 
nal substitution of the ureter.® In patients with intact 
bilateral kidneys, a functional study should be 
performed to establish differential renal function. 
Antegrade and/or retrograde ureterography are 
essential to determine the length and severity of 
the stricture. Excretory urography (nuclear or radio- 
graphic) is helpful in confirming obstruction in 
equivocal cases. If doubt remains regarding signif- 
icant ureteral obstruction, a Whitaker test may be 
performed, although we have rarely resorted to this. 

We prefer routinely removing ureteral stents 
before ureteral reconstruction, thus using a neph- 
rostomy for renal drainage. Removal of ureteral 
stents allows for delineation of normal versus 
fibrotic luminal assessment. If the stent is retained 


Box 2 
Patient characteristics determining surgical 
approach 


Number of previous failed endoscopic and/or 
open attempts 

Length of stricture 

Location of stricture 

Function and drainage of each kidney 

History of nephrolithiasis 

Medical comorbidities 

Life expectancy 

History of malignancy 


Previous radiation therapy 


Bladder capacity 


History of inflammatory bowel disease 


before surgery, we have found that it may interfere 
with identification of the stricture. 


SURGICAL PRINCIPLES 


The guiding surgical principle during ureteral re- 
construction is creation of a tension-free, watertight 
anastomosis using absorbable sutures that is widely 
spatulated with preserved blood supply, allowing 
good drainage to the bladder.”® Maintaining the 
continuity of the urothelium (ie, avoiding intestinal 
interposition) is advocated whenever possible for 
reconstruction of the ureter.2-'' The dissection of 
the nondiseased portions of the ureter should be 
minimized to avoid disrupting the ureteric adventitial 
sheath and its vascular supply. However, complete 
excision of the pathologic portions of the ureter is 
paramount to prevent recurrent strictures. 1? 

The urothelial anastomosis may be wrapped with 
omentum, peritoneum, or perinephric fat to reduce 
the risk of leakage and improve the vascular supply. 
An omental flap is harvested by dissecting the 
omentum from the greater curvature of the stomach. 
The resulting omental flap obtains its blood supply 
from the right or left gastroepiploic vessels.'*:'4 

Depending on the type of reconstruction, retro- 
peritoneal and/or intraperitoneal drainage in com- 
bination with ureteral stent placement and bladder 
drainage are used routinely, but are not always 
performed.'? A passive drain may be preferable 
to suction drainage to prevent negative pressure 
on the anastomotic suture line.13 We prefer to 
use both drains and stents. 


INCISION 


Important factors when planning the incision and 
surgical approach for ureteral reconstruction include 
the length/location of the stricture, the need for 
bowel interposition, and the need to access the 
bladder. These factors also guide the decision to 
perform the reconstruction via an intraperitoneal or 
extraperitoneal approach. If limited proximal ureteral 
dissection is planned without accessing the bladder, 
a flank, Gibson, or pararectal incision may be 
used.'® A midline incision is preferred for transure- 
teroureterostomy or when the need for bowel 
interposition is anticipated.’® However, optimal 
extraperitoneal exposure of the ipsilateral ureter 
and bladder may be accomplished through a modi- 
fied Gibson incision that extends from the tip of the 
twelfth rib inferiorly in a lazy-S configuration toward 
the pubic symphysis.” 


URETEROURETEROSTOMY 


Ureteroureterostomy is the preferred reconstruc- 
tion method for short proximal ureteral strictures 


Open Reconstruction of Upper Ureteral Strictures 


if a tension-free anastomosis is possible. It is crit- 
ical to fully excise the strictured portion of the ure- 
ter until healthy epithelial edges are observed.'® 
The ureter is either transected obliquely (as initially 
described by Bovee’? in 1897) or spatulated for 10 
to 15 mm to reduce the risk of anastomotic nar- 
rowing and subsequent stricture.®19 Anastomosis 
is performed with either interrupted or continuous 
4-0 or 5-0 absorbable suture.2° 

Numerous maneuvers may be necessary to pro- 
vide sufficient ureteral length for a tension-free 
repair. If the renal pelvis is enlarged, it is possible 
to achieve additional length by performing a 
Heineke-Mikulicz transverse incision of the superior 
and medial renal pelvis with closure in a longitudinal 
orientation.2’ The distance achieved with this ma- 
neuver is determined by the size of the renal pelvis 
and the length of the pyelotomy. Renal mobilization 
and downward nephropexy to the quadratus lum- 
borum or psoas muscle have been shown to provide 
an additional 4 cm of proximal ureteral length.1® 

Although historical reports showed high compli- 
cation rates from ureteroureterostomy,2? more 
contemporary series indicate long term patency 
rates beyond 90% with low morbidity.2°:24 


TRANSURETEROURETEROSTOMY 


The first transureteroureterostomy (TUU) in a hu- 
man was described by Higgins? in 1935. TUU is 
performed by mobilizing the donor ureter proxi- 
mally, ensuring preservation of the periureteral 
adventitia. A retroperitoneal tunnel is created 
across the midline anterior to the great vessels. 
Placement of the tunnel cephalad to the inferior 
mesenteric artery may avoid kinking depending 
on the length of donor ureter available.1®?° Mobi- 
lization of the recipient ureter is minimized and a 
1.5-cm to 2-cm medial longitudinal ureterotomy 
is made." In cases involving a short donor ureter, 
the recipient ureter may be further mobilized to- 
ward the midline as necessary.2’ The donor ureter 
is spatulated and the anastomosis is performed 
with interrupted or running 4-0 or 5-0 absorbable 
sutures over a stent placed from the donor kidney 
to the recipient ureter (Fig. 1). Some investigators 
suggest that stent placement into both ureters 
reduces the risk of stenosis and leakage.?8 

The length and location of a proximal ureteral 
stricture determine the feasibility of TUU (ie, the 
ability for the donor ureter to reach across the retro- 
peritoneum).”° For this reason, TUU may be a useful 
option for patients with a proximal ureteral stricture 
located near the sacral margin in the context of 
a radiated, reoperative, or otherwise diseased 
pelvis.2° Contraindications to TUU include history 
of urothelial carcinoma, genitourinary tuberculosis, 


idiopathic retroperitoneal fibrosis, and nephrolithia- 
sis because progression and/or recurrence of the 
causative condition can result in compromise of 
both renal units and subsequent renal failure. A 
rarely used alternative to TUU is transureteropyelos- 
tomy, which has a theoretic lower risk of recipient 
ureteral stricture, but with the additional risk of donor 
ureteral obstruction caused by kinking as it crosses 
the retroperitoneum. 13 

Iwaszko and colleagues*' (2010) reported a se- 
ries of 63 patients who underwent TUU, only 10 of 
whom underwent the procedure for stricture. The 
most common early complication was urinary 
leakage from the anastomosis (9.5%). Of the 10 
who underwent TUU for stricture, the location the 
stricture was only reported in 1 patient (midureter). 
The complication rate was significantly higher for 
patients undergoing TUU for malignancy (47.6%) 
rather than benign reasons (11.9%). Of the 56 pa- 
tients with follow-up imaging, patency was main- 
tained in 96.4%. After TUU, the development of 
urolithiasis was seen in 8 patients (12.7%), 3 of 
whom had a previous history of urolithiasis. Six 
of those patients required percutaneous nephroli- 
thotomy and 1 patient underwent ureteroscopic 
stone extraction. 


URETEROCALICOSTOMY 


Ureterocalicostomy (UC) is typically used for prox- 
imal ureteral strictures involving the ureteropelvic 
junction with an intrarenal pelvis and/or scarring 
of the renal hilum, thus preventing a widely patent 
anastomosis between the renal pelvis and ureter 
(typically seen following failure of previous pyelo- 
plasty). Although UC is best suited for massively 
hydronephrotic kidneys with thinned parenchyma, 
it remains feasible with normal parenchymal thick- 
ness when a lower pole partial nephrectomy is per- 
formed to expose to the lower pole caliceal 
epithelium. The ureterocalicostomy is recommen- 
ded by some to be the operation of choice for 
proximal ureteral obstructions in children with a 
horseshoe kidney.3? It has also proved to be a 
valuable option for managing ureteral necrosis 
following renal transplantation in which the native 
ureter is anastomosed to the lower pole calyx.°% 
We prefer this operation for salvage of failed 
robotic pyeloplasty (Fig. 2). 

A flank incision with partial resection of the 11th 
or 12th rib provides excellent exposure for the 
retroperitoneal approach to UC. The kidney is 
completely mobilized and the hilum is exposed. 
The strictured portion of the ureteropelvic junction 
and proximal ureter is excised. The renal pelvis is 
closed with 4-0 absorbable sutures at the level of 
the renal sinus. The lower pole of the kidney is 
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Fig. 1. Transureteroureterostomy. (A) Pyelogram showing left midureteral stricture. (B) Postoperative kidney- 
ureter-bladder with stent spanning from donor to recipient ureter. (C) Pyelogram after successful TUU. 


widely amputated. The desire to preserve renal 
parenchyma by tunneling into the lower pole 
should be avoided because of the increased risk 
of stricture with this technique.** Preservation of 
a flap of renal capsule during the amputation pro- 
cess may allow closure of the capsule following 
the anastomosis, but this is not necessary and 
has been postulated to increase the risk of postop- 
erative anastomotic stricture.24°°-°” 

The renal artery may be clamped to minimize 
bleeding and improve visibility during anastomotic 
suture placement. As an alternative, local ischemia 
with a Penrose drain secured around the lower 
pole, suture ligation of the parenchymal surface, 
and/or argon beam coagulation may be used to 
limit global renal ischemia and the potential for 
renal artery thrombosis.°* 

After amputation of the lower pole, the spatu- 
lated ureter is sutured to the lower pole calyx using 
5-0 absorbable interrupted sutures. If anastomotic 
tension is present, downward nephropexy from the 
inferior aspect of the kidney to the psoas muscle 
or quadratus lumborum with 2-0 nonabsorbable 


suture can be performed.?4+31-38 Technical nuances 
of UC include vesicocalicostomy using a Boari flap 
and ileocalicostomy using an ileal ureter.3%40 
Only a few large series of UC exist in the literature. 
Osman and colleagues*® (2011) reported a case 
series of 22 patients who underwent UC. The inves- 
tigators reported complete cure in 12 patients, 
improvement in 4, no change in 2, and failure in 4. 
Of the patients who failed, 2 underwent nephrec- 
tomy and 2 were managed with chronic double-J 
ureteral stents. One injury to the inferior vena cava 
and 1 colonic injury occurred among the 22 patients. 
Matlaga and colleagues®° (2005) reported a series 
of 11 patients who underwent UC for strictures 
measuring 0.5 to 3 cm with a mean follow-up of 
10.1 months (range 5-32 months). None of these 
patients showed recurrent obstruction as measured 
by intravenous urography or nuclear renography. 


BLADDER FLAPS 


Described by Van Hook! in 1893 with human 
cadavers, Boari*? with canines in 1894, and with 
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Fig. 2. Ureterocalicostomy. After 2 failed attempts 
with robotic pyeloplasty, this proximal ureteral stric- 
ture required ureterocalicostomy. 


humans by Baidin*? in 1930 and Ockerblad** in 
1947, the use of bladder flaps continues to be an 
effective technique for complex ureteral recon- 
struction.*° Although most investigators describe 
the Boari bladder flap (BBF) for mid ureteral stric- 
tures, Mauck and colleagues!” (2011) showed 
equivalent patency rates between BBF cases per- 
formed for ureteral strictures above and below the 
cephalad border of the sacroiliac joint. Thus, in 
well-selected patients, long Boari flaps can be 
created that reach high into the abdomen enabling 
near panureteral reconstruction. 

The potential length of the BBF is directly related 
to the patient’s preoperative bladder capacity, 
which can be assessed with cystometrogram, 
cystoscopy, voiding diary, and/or retrograde 
cystography.*® Although some investigators sug- 
gest that a minimum bladder capacity of 400 mL 
is required for BBF, other reports suggest a mini- 
mum of only 150 mL.*”:4® However, no studies 
have objectively measured preoperative and post- 
operative subjective and objective bladder function 
following BBF. 

The BBF is performed by first releasing the 
bladder from its anterior attachments to the 
abdominal wall (obliterated umbilical arteries and 
urachus) and posteriorly from the peritoneum. Liga- 
tion and division of the contralateral superior 
vesical pedicle provides improved mobility, but 


great care should be taken to avoid injury to the 
contralateral ureter. 184950 Ligation of the ipsilateral 
superior vesical pedicle risks compromise of the 
blood supply to the flap and should be avoided. 

After bladder mobilization, the healthy ureter 
proximal to the stricture is mobilized and trans- 
ected at the level of the stricture. The resulting ure- 
teral defect is measured and an appropriately 
sized inverted U-shaped anterior cystotomy is 
made between stay sutures corresponding with 
the length of the defect. The length/width ratio of 
the bladder flap should be no more than 3:1 to pre- 
serve the vascular supply to the apex of the flap, 
and the base of the flap should be no less than 
4 cm for the same reason.'”425' A spiral orienta- 
tion provides additional length for small bladders 
or long flaps.9* Further length can be obtained by 
performing an adjunctive psoas hitch in a steplad- 
der fashion between the flap and the psoas muscle 
or by making several transverse relaxing incisions 
on the flap.2:5*:54 The tip of the flap is then anasto- 
mosed in a refluxing fashion to the healthy end of 
the ureter and the flap is tubularized over a stent 
in a running fashion with fine absorbable suture. 
The tubularization continues distally until the cys- 
totomy is completely closed (Fig. 3). A suprapubic 
tube is unnecessary unless the cystotomy closure 
is tenuous. 

Complications seen after a BBF may include re- 
current stricture, seroma, ileus, bowel obstruction, 
urinary tract infection, urinary leak, bladder divertic- 
ulum, and irritative voiding symptoms.'”°° Success 
with the BBF is reported at greater than 90%. 17° 


DOWNWARD NEPHROPEXY 


Laparoscopic or open downward nephropexy is 
sometimes necessary to relieve tension on the 
anastomosis following ureteral reconstruction. For 
proximal ureteral reconstruction, the downward 
nephropexy is often used in conjunction with other 
techniques to achieve an additional 4 to 10 cm of 
ureteral length, thus decreasing the need for bowel 
interposition and its attendant risks. 175758 
Downward nephropexy is performed by com- 
pletely mobilizing the kidney from its attachments 
within the Gerota fascia. The division of the inferior 
adrenal artery or the left adrenal vein may also be 
performed, thus leaving the hilar vessels as the 
only remaining attachments and allowing the kidney 
to descend caudally.°” The more caudal location is 
secured by suturing the renal capsule to either the 
quadratus lumborum or the psoas major muscle. 


BOWEL INTERPOSITION GRAFTS 


When proximal ureteral reconstruction using the 
native tissue is not feasible, tissue transfer 
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Fig. 3. Bladder flap. (A) Preoperative pyelogram with proximal ureteral stricture. (B) Following BBF, pyelography 


shows a widely patent reconstruction. 


techniques are needed to restore ureteral continu- 
ity. Ileal ureter replacement is the preferred method 
for panureteral or long proximal segmental recon- 
struction. Additional indications for ileal ureter 
include a fibrotic, irradiated, and/or low-capacity 
bladder, which precludes safe construction of a 
BBF. For patients with severely decreased bladder 
compliance and/or capacity, an ileal ureter can be 
combined with bladder augmentation. Ileal ureter 
is also an option for bilateral ureteral substitution, 
allowing both renal units to drain through a single 
ileal segment into the bladder. Contraindications 
to ileal ureter include azotemia, hepatic dysfunc- 
tion, inadequate length of usable bowel, untreated 
bladder outlet obstruction, and inflammatory bowel 
disease.°?.©° Although abdominopelvic radiation is 
not a contraindication to ileal ureter, increased 
complication rates can be expected in radiated 
patients.* 

The technique for performing an ileal ureter 
echoes that of the more commonly performed ileal 
conduit. After mobilizing the diseased ureter and 
dividing it at the proximal healthy end, the length 
of the ureteral defect is measured and an appro- 
priate length of distal ileum is harvested 15 cm 
proximal to the ileocecal valve. Bowel continuity 
is restored and a window is created through the 
colonic mesentery to position the proximal anas- 
tomosis in the retroperitoneum.® A refluxing 
end-to-end or end-to-side ureteroileal anasto- 
mosis has the lowest risk of stricture with little 


risk for long-term renal damage when the ileal 
segment is oriented in an isoperistaltic position. 
A direct distal ileovesical anastomosis is also 
safe, simple, and imparts little risk for subsequent 
renal damage provided good bladder emptying is 
ensured (Fig. 4).°° 

Contemporary series of ileal ureter substitution 
have shown excellent results with appropriately 
selected patients. Matlaga and colleagues® 
(2003) published a series of 18 ileal ureter substitu- 
tions in 16 adults (preoperative creatinine 0.5- 
2 mg/dL) with a mean follow-up of 18.6 months 
that revealed no evidence of postoperative meta- 
bolic sequelae, renal insufficiency, or obstruction. 
Chung and colleagues*? (2006) reported on 56 pa- 
tients with 52 ileal ureters using an open refluxing 
ileovesical anastomosis with a mean follow-up of 
6 years. Chronic kidney disease was observed in 
3 patients who had preoperative azotemia. The 
largest series was published by Armatys and col- 
leagues®' (2009) with 91 patients undergoing ileal 
ureter substitution (99 renal units) with a mean 
follow-up of 36 months. Anastomotic stricture 
occurred in 3.3% and fistula formation in 6.6%. 

The ileal ureter may be complicated by bowel 
obstruction, mucus obstruction, stricture (ureter, 
ileal graft, or anastomosis), sepsis, secondary ma- 
lignancy, hernias, deep venous thrombosis, pyelo- 
nephritis, recurrent urolithiasis, wound dehiscence, 
chronic kidney disease, severe dilatation of the ileal 
limb, and metabolic acidosis.5%®* Electrolytes 
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Fig. 4. Ileal ureter. (A) Preoperative pyelogram with proximal right ureteral stricture. (B) Antegrade pyelouretero- 


gram following right ileal ureteral replacement. 


should be assessed at least annually and any meta- 
bolic abnormalities treated. Mucus production may 
be managed with saline bladder irrigation or nightly 
intravesical acetylcysteine.® A small risk (0.8%) of 
secondary malignancy exists with placement of 
ileum into the urinary tract with a mean latency 
period of 18.5 years (range 12-32 years).°°°” 

Melnikoff® reported the first ureteral substitu- 
tion with appendix in 1912. The appendix is argu- 
ably an ideal bowel segment for ureteral 
replacement given its caliber, which is comparable 
with the ureter. However, the finite length of the 
appendix limits its use. Although most reports of 
ureteral substitution with the appendix have 
involved the right ureter, the left ureter has also 
been replaced. With normal peristalsis occurring 
from the appendiceal tip to the base, the appendix 
may be used in either isoperistaltic or antiperistal- 
tic direction for ureteral replacement.°?”° 


RECONFIGURED BOWEL INTERPOSITION 
GRAFTS 


The use of reconfigured bowel to create a urinary 
conduit was described by Yang’! (1993) and shown 
in dogs by Monti and colleagues’? (1997). 
Compared with conventional ileal interposition, the 
benefits of reconfigured bowel segments include a 


shorter length of bowel harvested, a smaller intesti- 
nal absorptive surface, and decreased mucus 
production. Both ileum and colon have been recon- 
figured and used as ureteral replacements in adults 
and children.8%7374 However, the colon provides 
more length when detubularized compared with 
ileum because of its greater luminal diameter. 
Furthermore, the colon is conveniently located in 
the retroperitoneum near the ureter and away from 
the bony pelvis, and thus is unaffected by any previ- 
ous pelvic radiation. This close proximity of the 
colon to the ureter allows for preservation of the 
marginal artery when harvesting the colonic 
segment. Indications for the use of colon in ureteral 
replacement include dense intraperitoneal adhe- 
sions or a shortage of usable ileum. 

In this technique, a 3-cm to 4-cm segment of 
bowel is isolated, detubularized, and retubularized 
perpendicular to its original axis to form a long 
slender graft. Detubularization can be performed 
in either an antimesenteric or paramesenteric 
location. The latter provides an extended length 
of tubularized bowel with no mesenteric attach- 
ment, thus simplifying the creation of a submuco- 
sal antirefluxing anastomosis with the bladder. 
However, antimesenteric splitting optimizes blood 
supply to each end.” The detubularized graft is 
retubularized by closing it longitudinally over a 
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stent with a running 5-0 absorbable suture. The 
running suture is stopped before reaching the 
end of the tube, thus allowing a spatulated anasto- 
mosis. When the ureteral defect is too long for 1 re- 
configured bowel segment, 2 segments may be 
used in tandem. Reconfigured colon is able to 
span a length of 8 to 10 cm for a single segment 
and 12 to 18 cm for a double segment. Although 
initial results with reconfigured bowel for ureteral 
reconstruction have been promising, larger 
studies with long-term follow-up are needed.’*-’” 


RENAL AUTOTRANSPLANTATION 


Renal autotransplantation is rarely required for 
complex ureteral strictures and should be used 
only when the previously discussed repairs are 
not possible or are contraindicated. Although initial 
reports indicated a high rate of perioperative renal 
loss, more contemporary series report excellent 
results from skilled renal transplant teams. 10-78-82 

During the nephrectomy stage of renal auto- 
transplantation, the length of the renal artery and 
vein should be maximized. Immediately following 
nephrectomy, the kidney is flushed with an ice- 
cold electrolyte solution and placed in ice slush 
for back bench preparation. If a laparoscopic 
donor nephrectomy is performed, a Gibson inci- 
sion may be used for both the kidney extraction 
and the autotransplantation.8384 The kidney is 
typically placed into the contralateral iliac fossa 
to maintain the vascular orientation, but this posi- 
tion may compromise the contralateral ureter.®° 
For patients with a severely scarred renal pelvis 
and proximal ureteral stricture, autotransplanta- 
tion may be combined with ureterocalicostomy 
(upper or lower pole) using the distally patent 
native ureter.®° 

For patients with a history of nephrolithiasis, the 
use of a modified pyelovesicostomy may be advis- 
able, in which the proximal ureter is split along its 
posterior aspect, including the ureteropelvic junc- 
tion, to create at least a 2-cm opening in the renal 
pelvis.” A bladder flap is then created using a 
U-shaped incision with the base of the flap at least 
4 to 5 cm wide. The bladder flap is laid on the split 
ureter and renal pelvis, effectively creating a large 
spatulation of both anastomotic ends. This large 
spatulation may decrease the risk of anastomotic 
stricture and allow future stone passage, thus 
limiting the need for renal/ureteral endoscopy. 


NEPHRECTOMY 


Nephrectomy is a viable, definitive treatment op- 
tion for patients with complex proximal ureteral 
strictures in the presence of a healthy contralateral 


renal unit. It is best suited for patients with long 
proximal or panureteral strictures who are unfit or 
unwilling to undergo one of the complex proce- 
dures listed earlier or for patients with severely 
compromised ipsilateral renal function (<20% dif- 
ferential function). 


FUTURE DIRECTIONS 


Drawing on the excellent results obtained with oral 
mucosal graft urethroplasty, several case series of 
oral mucosal graft ureteroplasty have been re- 
ported.®®-°9 The oral mucosal grafts may be 
used with either an onlay or tubular technique, 
commonly with incorporation of an omental wrap- 
ping to support the graft.?! These preliminary re- 
ports show the feasibility of this technique, but 
larger studies are needed. 

Although numerous attempts have been made 
to identify the ideal material for ureteral substitu- 
tion (Box 3), most modern efforts have focused 
on biologic materials. When engineering a syn- 
thetic biologic material for ureteral replacement, 
a tubular acellular scaffold is often created to 
mimic the extracellular matrix. Seeding this 


Box 3 

Materials studied for ureteral replacement 
Poly (.)-lactic acid 

Autologous external jugular vein 

Dermal fibroblast tubes 

Human amniotic membrane 

Freeze-dried arteries 

Bovine dermis 

Allogenic human dura mater 

Porcine small intestine submucosa 
Silicone-polytetrafluoroethylene—bonded tube 
Polytetrafluoroethylene tube 
Omentocutaneous tubularized flaps 


Tubularized grafts of bladder mucosa 


Tubularized collagen sponge 


Polyvinyl tube 

Silicone tube 

Dacron tube 

Self-pumping synthetic ureteral prosthesis 


Dimethylpolysiloxane with polyethylene glycol 
terephthalate 


Partial-thickness tubularized skin graft 


Fallopian tube 
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scaffold with urothelial and smooth muscle cells 
before surgical implantation has yielded tissues 
resembling normal urothelium and smooth muscle 
of the native ureter.°? The results of ureteral 
replacement with synthetic biologic materials are 
promising and further research is necessary 
before mainstream application of these methods. 
Even with advances in tissue engineering, the inte- 
gral principles for reconstruction of a proximal 
ureteral stricture remain the same. 
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KEY POINTS 


e After suprapubic tube placement, delayed open urethral reconstruction with excision and primary 
anastomosis via a perineal approach is the standard of care for the initial treatment of pelvic fracture 
urethral disruption injuries and treatment after failed endoscopic realignment. 

e Before urethroplasty, accurate assessment of the defect is reliably obtained with a retrograde ure- 
throgram and simultaneous antegrade cystourethrogram with contrast instillation through the tip of 


the scope positioned in the prostatic urethra. 


e Vascular testing before urethral reconstruction may identify patients who are at risk for ischemic 
anterior urethral stenosis and who may benefit from penile revascularization before posterior 


urethroplasty. 


e When performed using the proper technique, posterior urethroplasty offers a high success rate and 


a low complication rate. 


INTRODUCTION: NATURE OF THE PROBLEM 


Pelvic fracture trauma in males, often secondary to 
motor vehicle trauma or pelvic crush injuries, can 
be associated with injuries to the posterior urethra, 
especially where there is pubic symphysis diasta- 
sis or there are displaced inferomedial pubic bone 
fractures. ' When the pelvis is fractured, the patient 
is often found to have blood at the urethral meatus. 
Additional symptoms and signs of urethral injury 
include bladder distension, inability to void, peri- 
neal hematoma, and possibly a high riding pros- 
tate on digital rectal examination. 

A retrograde urethrogram (RUG) is indicated 
when a urethral injury is suspected and typically 
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shows extravasation as a result of a partial tear, 
or more often, a complete disruption. The term 
prostatomembranous disruption is often used to 
describe these injuries, and this terminology sug- 
gests that the transection occurs at the junction 
of the prostatic and membranous portions of the 
posterior urethra. However, more recent studies, 
including an autopsy review of male patients who 
sustained pelvic fracture—-related urethral injuries 
and died of associated multiple trauma, revealed 
that the injuries are generally bulbomembranous 
and distal to the urogenital diaphragm.? There 
can be proximal or distal extension, but the injury 
generally remains distal to the verumontanum of 
the prostate. Continence after repair is maintained 
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primarily by the proximal bladder neck. However, 
in many patients, there is also a significant rhab- 
dosphincter contribution, as shown by video uro- 
dynamic testing after reconstruction.’ 

The standard management approach is sup- 
rapubic tube placement and delayed posterior 
urethral reconstruction. Alternatively, primary 
realignment can be performed, which is discussed 
by Wessels and colleagues, elsewhere in this issue. 
Should this option fail, the definitive treatment is 
then delayed posterior urethroplasty with excision 
and primary anastomosis via a perineal approach. 


SURGICAL TECHNIQUE: PREOPERATIVE 
PLANNING 
3-Month Delay 


We wait 3 months from the time of injury or cath- 
eter removal in cases of failed primary realignment 
before performing urethroplasty, to allow time for 
the initial extravasation to heal, hematoma to 
resolve, and the extent of the injury to become 
clearly defined. It has been shown that after 
manipulation, several months of urethral rest is 
required for before anterior urethral strictures 
become clearly defined. When there is a pelvic 
fracture—associated injury to the posterior urethra, 
initial imaging reveals extravasation, whereas 
imaging 3 months after injury typically confirms 
no extravasation and clear delineation of the loca- 
tion and length of the defect. Recent publications 
indicate that the delay is often a minimum of 3 to 
6 months. However, the interval between initial 
injury and urethroplasty can exceed 1 year when 
there are associated injuries.°-° A recently pre- 
sented abstract indicated that urethral reconstruc- 
tion less than 6 weeks after the injury may be 
associated with results similar to when there is a 
delay of 3 or more months.'° However, there are 
no recent publications suggesting that a delay of 
less than 3 months is appropriate, and the current 
delay of no less than 3 months is the current pub- 
lished minimum period of urethral rest. 


Suprapubic Urinary Diversion 


Suprapubic tube urinary diversion always pre- 
cedes urethroplasty. The ideal suprapubic tube is 
no less than 16 French, midline, and 2 finger- 
breadths above the pubic symphysis. However, 
patients are often initially managed with tubes 
that are far lateral to the midline or just above the 
symphysis. In some cases, very small caliber 
pigtail catheters are placed (Fig. 1). When patients 
are referred for posterior urethral reconstruction, 
and have tubes of inadequate caliber or if the 
tube is not in the ideal position, it is our preference 
to percutaneously place a new 16-Fr tube. This 


procedure is generally performed as soon as 
possible when the caliber is small, and no less 
than 1 month before urethroplasty so there will 
be an established stable tract at the time of sur- 
gery. Small caliber pigtail catheters are especially 
prone to encrustation and urinary retention. More- 
over, catheters placed just above the symphysis 
are more uncomfortable than catheters placed in 
a higher position away from the bone. The main 
benefit of having the suprapubic tube midline 
well above the symphysis with an established tract 
is that this facilitates the surgery and prevents the 
need for a temporary vesicostomy. During poste- 
rior urethroplasty with the patient in the lithotomy 
position, after perineal exposure is achieved and 
the urethra is transected, a metal sound is gener- 
ally advanced through the established tract, and 
perineal dissection proceeds toward the tip of 
the sound until the sound can be seen and 
advanced into the perineum. When the caliber of 
the tract is inadequate, sounds do not advance 
without dilation at the time of the surgery. This sit- 
uation can be associated with bleeding and 
compromise of the tract. When the tube is just 
above the bone, a very acute angle is needed to 
advance the sound through the bladder neck. 
Moreover, when the tract is lateral to the midline, 
the rigid sound cannot be reliably advanced medi- 
ally toward the midline bladder neck and then 
distally along the posterior urethra. One option is 
to create a temporary vesicostomy. However, 
this procedure adds considerable time and 
morbidity to the reconstructive surgery and there- 
fore this is not our preference. 


PREOPERATIVE URETHRAL EVALUATION: 
CYSTOSCOPY 


Before definitive urethral reconstruction, urethro- 
scopy, antegrade cystoscopy, and a simultaneous 
antegrade cystourethrogram and RUG together 
provide a definitive diagnosis of the length and 
location of the defect. One common imaging tech- 
nique is for the bladder to be filled with contrast by 
gravity through the suprapubic tube and for an 
RUG to be performed as the patient is asked to 
perform the Valsalva maneuver and attempt to 
void. As the patient attempts to void, if the bladder 
neck opens, there is filling of the posterior urethra 
proximal to the obliteration, and the length of the 
defect is determined (Fig. 2A). However, in many 
cases, the patient cannot relax to void when the 
urethra is obliterated and contrast is being 
injected through the penis. When the bladder 
neck is intact, the appearance is as shown in 
Fig. 2B. The distance between the bladder and 
the distal end of the defect is not the length of 
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Fig. 1. (A) Laterally placed suprapubic tube. (B) Small pigtail catheter of inadequate caliber. (C) Suprapubic tube 
placed below the ideal location. (D) Suprapubic tube repositioned midline 2 finger breaths above the midline 


pubic symphysis. 


the distraction defect, because the prostatic ure- 
thra is not visualized. In a recent study in which 
the goal was to determine if the type of urethro- 
plasty could be predicted based on certain fea- 
tures from the preoperative imaging, 38% of the 
100 study patients evaluated with a Valsalva cys- 
tourethrogram and RUG were excluded because 
there was no visualization of the urethra below 
the bladder neck.* 

Our preferred approach is to first perform ante- 
grade cystoscopy with the patient prepared and 
draped in the oblique position after a 35 x 43 cm 
(14 x 17 inch) scout film is obtained to confirm 
proper position and penetration. Some patients 
develop bladder calculi, and when identified, the 
stones can be removed before urethroplasty. The 
bladder neck is then inspected for coaptation. An 
open bladder neck at rest suggests that there 
may be an increased incidence of incontinence 


after urethral reconstruction. Iselin and Webster 
identified 15 patients who sustained pelvic fracture 
urethral injuries and had an open bladder neck at 
rest.'' Six were continent and 8 were incontinent 
after urethroplasty. However, MacDiarmid and 
colleagues’? identified 4 patients who had an 
open bladder neck at rest, and all of these patients 
were continent after surgery. Although some sur- 
geons occasionally perform bladder neck recon- 
struction at the time of posterior urethroplasty, '* 
most reconstructive urologists do not perform 
simultaneous bladder neck surgery, given the 
observation that an open bladder neck at rest 
does not reliably predict postoperative inconti- 
nence. When we observe an open bladder neck 
at rest, the patient is counseled that there may 
be an increased incidence of postoperative incon- 
tinence, but this finding does not influence our 
management. 


Fig. 2. (A) After the bladder is 
filled with contrast through 
the suprapubic tube, an RUG is 
performed as the patient is 
asked to attempt to void. If the 
bladder neck opens, contrast 
fills the prostatic urethra, and 
the membranous urethral 
defect is seen. (B) When the 
bladder neck does not open, 
the length of the defect cannot 
be determined accurately. 
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PREOPERATIVE URETHRAL EVALUATION: 
URETHRAL IMAGING 


Once the scope is advanced through the bladder 
neck, the location of the proximal aspect of the 
injury is noted, and this is almost always distal to 
the verumontanum of the prostate within the mem- 
branous urethra. With the tip of the scope at the 
level of the obliteration, full-strength contrast is 
injected, which then back fills the posterior urethra 
and bladder. Simultaneously, an RUG is per- 
formed. Our preferred technique for performing 
an RUG is to place a gauze around the coronal 
sulcus to place the penis on stretch, and inject 
contract through a cone-shaped Taylor adaptor 
(Cook Urological Incorporated, Spencer, IN, 
USA) connected to a 60-mL syringe filled with 
full-strength contrast (Fig. 3). Many published text- 
books advocate the advancement of a catheter 
into the fossa navicularis and inflation of the 
balloon with 1 to 3 mL of contrast for form a seal. 
However, the balloon caliber of catheters of 
several different sizes when inflated with only 
2 mL of fluid or air is approximately 59 French, 
and the normal caliber of the adult anterior urethra 
is approximately 30 French, except at the level of 
the urethral meatus and fossa navicularis, where 
the caliber is approximately 24 French (Fig. 4A). 
Therefore, the balloon dilates the normal distal 
anterior urethra, which can be associated with 
considerable pain and even stricture disease of 
the fossa navicularis. We have seen patients 
referred for strictures initially limited to the bulbar 
urethra who then developed narrow caliber fossa 
strictures after undergoing painful urethral imaging 
when the technique included balloon inflation 
within the fossa navicularis (see Fig. 4B). 
Simultaneous antegrade and retrograde imag- 
ing and endoscopy performed with proper tech- 
nique clearly defines the length and location of 
the defect. Other imaging modalities that can be 
used include magnetic resonance imaging and 
ultrasonography.'* However, we have never 
found an indication to perform these additional 


tests. Fluoroscopy offers the advantage of 
dynamic real-time imaging. However, disadvan- 
tages include a reduced field of view and 
decreased resolution compared with conventional 
radiographs. We prefer flat plate imaging using 
digital cassettes that can be digitized and stored 
electronically and also printed on 14 x 17 film. 
Although magnification and positioning can influ- 
ence the scale, we have observed that the length 
of the obliteration measured directly on the film 
accurately corresponds to the length of the defect 
at the time of surgery. Most defects are 1 to 3 cm 
in length and within the membranous urethra, with 
possible extension into the most proximal bulbar 
urethra. Although pelvic fracture trauma typically 
injures the posterior urethra, if there is also strad- 
dle trauma at the time of the pelvic fracture, the 
injury can be to the bulbar urethra. The specific 
location of the injury can influence the manage- 
ment. For example, a man who sustained pelvic 
fracture trauma during a race car accident was 
found to have significant extravasation on an 
RUG on the day of the injury and was managed 
with a laterally placed suprapubic tube. Delayed 
imaging and antegrade cystoscopy confirmed a 
proximal bulbar urethral defect and a normal 
membranous urethra (Fig. 5). Although both trau- 
matic proximal bulbar and membranous disrup- 
tions are managed with excision and primary 
anastomosis, bulbar urethroplasty does not 
require antegrade access to facilitate identifica- 
tion of the patent proximal segment. If the injury 
were membranous, then a new midline suprapu- 
bic tube would have been placed to facilitate sub- 
sequent antegrade access to the proximal 
segment at the time of posterior urethroplasty. 
However, because antegrade access is not 
required for bulbar urethroplasty, the placement 
of a new midline tube was not required. 


PREOPERATIVE VASCULAR EVALUATION 


The anterior urethra has a dual blood supply, with 
an additional minor contribution provided by 


Fig. 3. (A) A RUG is performed as contrast is simultaneously injected into the posterior urethra through the flex- 
ible cystoscope, with the tip in the distal prostatic urethra. (B) Imaging accurately shows the length and location 


of the defect. 
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Fig. 4. (A) Catheter balloon inflation with only 1 to 3 cm? of air or fluid is associated with balloon inflation well 
beyond the normal caliber of the normal fossa navicularis. (B) Repeat RUG showing in addition to the previously 
seen bulbar stricture, a new fossa navicularis stricture, which developed after an RUG was performed using fossa 


balloon inflation technique. 


perforating vessels between the corpora caver- 
nosa and the corpus spongiosum. The bulbar 
arteries enter the corpus spongiosum at the level 
of the most proximal bulbar urethra and provide 
antegrade flow to the corpus spongiosum of the 
anterior urethra. In addition, the dorsal arteries 
course within the neurovascular strictures along 
the dorsal aspect of the penis superficial to the 
corporal bodies and supply the glans penis, which 
is the distal expansion of the corpus spongiosum. 
This anatomy provides a secondary blood supply 
to the anterior urethra as the blood courses in 
retrograde fashion along the corpus spongiosum. 
When the urethra is completely transected at the 
departure of the anterior urethra, any patent bulbar 
arteries are ligated or cauterized. The anterior 
urethra then survives as a flap based on the 
retrograde dorsal artery contribution in addition 
to perforating vessels. Although results are un- 
published, it has been observed by several 
reconstructive urologists that in rare cases, 
long-segment bulbar strictures developed as 


Fig. 5. Simultaneous antegrade and retrograde ure- 
thral imaging showing a bulbar urethral obliteration, 
further confirmed with antegrade cystoscopy. 


an ischemic complication of posterior urethro- 
plasty. The mechanism of the ischemic stenosis 
was presumed to be compromise of the bulbar 
artery supply during surgery in patients who 
suffered perineal trauma that compromised 
dorsal artery supply. We have observed cases of 
ischemic stenosis in patients with hypospadias 
who developed discreet bulbar strictures and 
were treated with a urethral stent.'ë Before stent 
placement, these patients were noted on urethro- 
scopy to have a normal caliber anterior urethra 
distal to the bulbar stricture. After stent placement, 
they developed severe panurethral disease. This 
finding makes sense anatomically because hypo- 
spadias and corrective surgery are associated 
with a compromise of the corpus spongiosum 
distally and the associated retrograde blood sup- 
ply to the more proximal anterior urethra. These 
patients were likely bulbar dependent, and stent 
expansion compromised the antegrade bulbar 
artery flow distal to the stent. Therefore, in addition 
to antegrade cystoscopy and contrast imaging, we 
perform a preoperative vascular evaluation to 
identify patients who have severe arterial inflow 
compromise to both dorsal arteries, and perform 
penile revascularization before urethral recon- 
struction in selected cases. Penile revasculariza- 
tion provides a microvascular anastomosis of the 
inferior epigastric artery to the dorsal artery of 
the penis (Fig. 6). 

Erectile dysfunction and pudendal vascular 
injuries are highly associated with pelvic fracture 
urethral disruptions. In a study by Shenfeld and 
colleagues, '® 25 patients who sustained traumatic 
posterior urethral disruptions were evaluated with 
nocturnal penile tumescence testing. Eighteen 
patients (72%) were found to have erectile 
dysfunction, and these patients underwent a 
penile duplex with pharmacologic erection that 
revealed arterial inflow impairment in 5 of 18 
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Fig. 6. Inferior epigastric artery to dorsal artery penile revascularization, shown after skin marking (A) and during 


surgery (B). 


patients. The remaining patients were considered 
to have a neurogenic cause of their erectile 
dysfunction. Davies and colleagues!” performed 
a penile duplex testing on 56 men who sustained 
posterior urethral disruptions, and identified 25 
men with vascular compromise. These patients 
underwent arteriogram. Twenty-one had reconsti- 
tution of 1 or both pudendals, and 4 did not. These 
4 patients underwent revascularization before 
urethral reconstruction, and no patient developed 
ischemic stenosis after surgery. A limitation of 
this study is that it is not known if any of these 
patients would have developed stenosis if recon- 
struction had been performed without prior revas- 
cularization. This is an area of controversy. 
However, we believe that vascular testing and 
revascularization in selected cases may be justi- 
fied based on the anatomic principals and the 
available data. Moreover, revascularization often 
successfully treats the erectile dysfunction associ- 
ated with pelvic fracture injuries. ® 


POSTERIOR URETHRAL RECONSTRUCTION: 
PREPARATION AND PATIENT POSITIONING 


Before surgery, which we generally perform 
approximately 3 months after injury, patients are 
placed in high lithotomy during a physical exami- 
nation to assess hip flexion and ability to tolerate 
this position. Some patients may have unresolved 
back or other orthopedic problems, which may 
then be exacerbated by prolonged lithotomy posi- 
tioning. In our series of 85 patients, the longest 
delay was 19 months. This patient had severe 
compromise of hip flexion, which persisted more 
than 12 months after the injury. With ongoing 
physical therapy, mobility returned to normal, 
and positioning was safely accomplished without 
compromise. A urine culture is sent the week 
before surgery. The specimen is obtained by 
clamping the suprapubic tube, and then unclamp- 
ing the tube 20 minutes later over a specimen 
container. The sample is then obtained directly 
from the suprapubic tube and not the drainage 


bag. Any mixed growth is separately cultured. 
Patients are admitted the day before surgery for 
dual coverage antibiotics. Our protocol is to 
administer piperacillin/tazobactam and tobramy- 
cin, but adjust the antibiotics if indicated based 
on the culture result. No patient has suffered the 
complication of a perineal infection, which can 
be associated with urethral compromise and stric- 
ture development. 

Although some reconstructive urologists prefer 
a low lithotomy position, in many centers and at 
our institution, exaggerated lithotomy positioning 
is preferred. This position can be associated 
with severe complications, including neuro- 
praxia, compartment syndrome, and rhabdomyo- 
losis.'°-*1 Neuropraxia is usually not permanent. 
Sensory deficits are more common than motor 
impairment, and the risk of a positioning complica- 
tion is related to the time in lithotomy. One form of 
exaggerated lithotomy, often used for perineal 
prostatectomy, places hips under considerable 
flexion so that the thighs are parallel to the back 
and the floor. In a study by Holzbeierlein and 
colleagues,2* of 111 men who underwent a radical 
perineal prostatectomy in this extreme lithotomy 
position with a mean duration of less than 3 hours, 
23 (21%) suffered a positioning complication. Of 
these 23 patients, 17 had symptoms at the time 
of discharge, and 6 required physical therapy 
support for ambulation. 

We use a Skytron Custom 6000 table modified 
by Jordan to offer an electronic pelvic tilt mecha- 
nism to cradle the pelvis as an alternative to 
raising the buttocks and placing a beanbag sup- 
port (Fig. 7A). In addition, stirrups are modified 
to provide additional extension so that hip and 
knee flexion is reduced. Foam padding is placed 
along the dorsal feet and anterior legs to evenly 
distribute the pressure (see Fig. 7B). We previ- 
ously used gel pads, and found a significantly 
reduced incidence of temporary (24-hour to 
48-hour) dorsal foot numbness after a change of 
the use of the softer foam. Extreme flexion of 
the hips and knees is avoided, and the boots 
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Fig. 7. (A) Modified Skytron Custom 6000 surgical table with pelvic tilt mechanism (highlighted in yellow), (B) 


Patient placed in exaggerated lithotomy position. 


are tilted so that there is no pressure on the 
calves. 


POSTERIOR URETHRAL RECONSTRUCTION: 
SURGICAL TECHNIQUE 
Exposure 


A midline perineal incision is 1 option. We prefer an 
inverted Y-shaped à incision to obtain generous 
exposure (Fig. 8A). This incision is carried medial 
to the ischial tuberosities posteriorly and along 
the median scrotal raphe. Dissection then pro- 
ceeds sharply though the subcutaneous fat 
longitudinally along the midline until the bulbo- 
spongiosus muscle is encountered. The Jordan- 
Simpson perineal retractor is used to facilitate 
exposure as shown in Fig. 8B. Although other 
retractors are commercially available such as the 
Lone Star retractor, advantages of the Jordan 
retractor include fixation of the ring and the ability 
to use a variety of different specialized blades in 


addition to the hooks used in the Lone Star sys- 
tem. In addition, tilt ratchets facilitate lateral retrac- 
tion to facilitate exposure. The bulbospongiosus 
muscle is then divided and retracted laterally to 
expose the bulb. The bulb is detached from the 
perineal body, and we find that the use of a bipolar 
cautery facilitates this dissection and maintains 
hemostasis to the extent that suction is seldom 
required. The urethra is then circumferentially 
mobilized from the penoscrotal junction distally 
to the departure of the anterior urethra proximally 
(see Fig. 8C). This is performed sharply without 
the use of right angle clamps, which can tear the 
corpus spongiosum. The bulbar arteries are trans- 
ected and cauterized if patent. 

Several recent articles have described 
bulbar artery-sparing anastomotic anterior 
urethroplasty.2°:24 Although the use of artery- 
sparing surgery during posterior urethral recon- 
struction has not been published, a recent 
abstract?> described the successful use of this 


Fig. 8. (A) à Incision with the patient in the exaggerated lithotomy position. (B) Jordan-Simpson perineal 
retractor is used to facilitate exposure of the corpus spongiosum. (C) The corpus spongiosum is circumferentially 
mobilized along the bulbar urethra. 
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technique in 9 patients. Intraoperative ultraso- 
nography was performed, and the artery with 
the strongest signal was preserved. No patient 
developed a recurrent stricture with a mean 
follow-up of 10 months. This finding may possibly 
represent a future modification of operative 
technique. 


Proximal Exposure and Scar Excision 


After transection of the urethra, unless preopera- 


tive imaging suggests very short segment oblitera- 
tion, we routinely separate the corporal bodies at 
the level of the triangular ligament and retract 
them laterally to improve proximal exposure and 
facilitate excision of the scar tissue, which is 
generally whitish and firm. 

The suprapubic tube is then removed and a 
curved metal sound is advanced through the 
established tract into the bladder and then through 
the bladder neck, guided by feel, until the impulse 
of the tip of the sound can be palpated in the 


perineum as the sound is manipulated. This tech- 
nique guides the dissection in the appropriate 
direction toward the patent proximal urethra. One 
option is to advance a Van Buren sound. Although 
these instruments are often readily available and 
familiar to most urologists, the fact that the instru- 
ment is curved only at the tip and tapered to a 
more pointed tip relative to the shaft of the instru- 
ment renders these instruments poorly suited to 
use in posterior urethroplasty, especially when an 
exaggerated lithotomy position is used. However, 
the semicircular Haygrove sound is designed to 
best follow the path from the suprapubic access 
to the membranous urethra (Fig. 9A, B). The 
caliber is not greater than 16 to 18 Fr, and there- 
fore, no tract dilation is required if the indwelling 
suprapubic tube was 16 Fr. In addition, the tip is 
curved and smooth. However, in some cases, 
the tip of the sound may not be palpable. This sit- 
uation may be because of the presence of very 
dense scar or malposition of the sound. If dissec- 
tion proceeds in the wrong direction, what is 


Fig. 9. (A) Solid Haygrove sound. (B) After dissection of the obliterative scar, the tip of the sound (placed through 
the suprapubic tract) can then be advanced through the patent proximal urethra into the perineum. (C) Tempo- 
rary vesicostomy in a patient with a laterally placed suprapubic tube. (D) Gelman visualizing posterior urethral 
sound. (E) Flexible scope advanced through the hollow visualizing sound. 


entered may be the bladder or the posterior ure- 
thra proximal to the distal aspect of the patent ure- 
thra. This situation may lead to postoperative 
incontinence or restenosis. The limitation of a solid 
sound is that it is guided blindly. If a flexible cysto- 
scope is used, the scope can be guided under 
direct vision. However, because the active scope 
deflection is limited only to the tip of the scope, it 
may be difficult to advance the tip of the scope 
to the proper position, especially when the patient 
is in high lithotomy and the surgeon is positioned 
at the level of the perineum. To prevent the possi- 
bility of false passages, some surgeons perform 
rigid antegrade cystoscopy before the patient is 
prepared and draped in the exaggerated lithotomy 
position, advance the scope through the bladder 
neck and prostatic urethra, then palpate the peri- 
neum to determine if the tip of the scope is 
palpable or not.2® When the tip of the scope is 
not palpable, or if the suprapubic tube is laterally 
located, a temporary vesicostomy is created 
before lithotomy positioning and then taken 
down after the completion of the repair (see 
Fig. 9C). It was determined that the creation of 
the vesicostomy allows the surgeon to palpably 
identify the bladder neck before instrumentation 
of the posterior urethra, and that this maneuver 
eliminates the occurrence of false passages and 
the misanastomosis of the anterior urethra to sites 
other than the apical prostatic urethra. This ma- 
neuver adds considerable time and morbidity to 
the surgery. 

For this reason, we prefer to always proceed 
with a midline suprapubic tube, even if this 
requires placement of a new tube no less than 
1 month before urethroplasty to allow time for 
the tract to mature, and use a new visualizing 
sound (Gelman Urethral Sound, CS Surgical) (see 
Fig. 9D). This sound has a contour similar to the 
Haygrove sound, but is hollow, allowing a flexible 
cystoscope to be advanced through the sound 
(see Fig. 9E). The tip of the sound or the tip of 
the cystoscope can then be directed to the obliter- 
ation under direct vision. An additional advantage 
is that the light from the scope can be seen to 
further guide the dissection. Before the develop- 
ment of the visualizing sound, 2 of 9 patients 
required a temporary vesicostomy at the time of 
reconstruction. Subsequently, 76 patients (ages 
4-77 years) underwent reconstruction, (including 
6 pediatric patients, and 14 patients who had 
unsuccessful procedures before referral), and 
0 of 76 patients required a temporary vesicostomy. 
In every case, the sound could be directed to the 
proper position under direct vision. It is our expe- 
rience that the visualizing posterior urethral sound 
greatly facilitates the reliable identification and 
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dissection of the proximal segment during poste- 
rior urethral reconstruction. With the use of this 
device, the open dissection can be limited to the 
perineal exploration, even in pediatric and difficult 
cases. One disadvantage of the sound is that the 
outside diameter is greater than the outside diam- 
eter of the solid Haygrove sound, and the solid 
sound can be manipulated more easily. Therefore, 
we continue to use the solid sound when the tip 
can be readily palpated in the perineum. Although 
the larger-diameter hollow sound does not 
advance as easily though the suprapubic tract 
when 16-Fr to 18-Fr indwelling tubes are used 
before surgery, the tip of the flexible cystoscope 
can be first advanced into the bladder, and the 
sound can then be advanced over the scope using 
the scope as the equivalent of a guide wire. 

The most complex portion of posterior urethral 
reconstruction is the proximal exposure and 
dissection after transection of the urethra. One op- 
tion is to sharply incise scar tissue, advance a nasal 
speculum through the scar, and place J-shaped 
sutures through the speculum to initiate the anasto- 
mosis.?’ It is our preference to excise the scar 
tissue until normal healthy tissue is encountered. 
Supple tissue more readily everts, bringing the 
mucosa forward from deep within the pelvis during 
the placement of the first several sutures, and this 
facilitates the placement of subsequent sutures. 
Our objective is to achieve the proximal preplace- 
ment of 10 to 12 3-0 absorbable monofilament 
sutures. We alternate using violet PDS and clear 
Monocryl to help maintain orientation at the time 
of the completion of the anastomosis. 


Infrapubectomy 


In cases in which the scar is especially dense and 
the defect is long, it is possible that the tip of the 
sound is not palpable, and the light of the cysto- 
scope is not seen even if it is confirmed using 
the visualizing sound that the tip of the sound 
and scope are in the appropriate position at the 
distal aspect of the patent posterior urethra. In 
these cases, scar tissue just below the midline 
symphysis is excised sharply in a 1-cm-diameter 
to 2-cm-diameter area. As the scar is excised, 
the dissection extends deep into the pelvis, and 
it is in these cases in particular that infrapubec- 
tomy is often required. After the separation of the 
corporal bodies at the level of the triangular liga- 
ment and lateral retraction, the dorsal vein is 
then mobilized and ligated, exposing the midline 
symphysis pubis. Periosteal elevators are then 
used to sweep the medial crura laterally and 
free the undersurface of the bone from adherent 
tissue. Kerrison rongeurs provide controlled bone 


389 


390 


Gelman 


removal, which widens the exposure and facili- 
tates further proximal dissection. Moreover, the 
separation of the corpora and infrapubectomy 
provide a more direct route for the urethra to 
course, and this facilitates a tension-free repair. 


Additional Maneuvers 


Some investigators have reported that in addition 
to distal mobilization, crural separation, and infra- 
pubectomy, supracrural corporal rerouting was 
required to achieve an acceptable amount of ten- 
sion in select cases.?8 This technique seems to be 
associated with a high rate of restenosis. In a 
recently published combined series of 142 cases, 
4 underwent rerouting and 3 of these patients 
(75%) developed restenosis.? Other surgeons 
never find supracrural rerouting to be a beneficial 
maneuver. It is often stated that the objective is a 
tension-free anastomosis. This procedure is not 
necessary because there is normally a certain 
amount of innate tension along the corpus spon- 
giosum. For this reason, when the urethra is trans- 
ected, there is generally some retraction of the 
distal segment. Our goal is not a tension-free 
anastomosis, but rather an anastomosis without 
unacceptable tension that would lead to tethering 
of the penis during erections or separation of the 
anastomosis. We have never encountered a case 
in which supracrural rerouting was required. 

Another option in complex cases in which there 
is a large gap is a transpubic approach.2°3! We 
have never found this technique necessary, and 
more recent reports®* confirm that infrapubectomy 
generally provides adequate proximal exposure in 
complex cases. Moreover, tissue transfer with 
flaps or grafts has been reported as an option to 
bridge longer defects.?® This procedure seems to 
have been performed mostly in older series, and 
recent reports do not support the use of or need 
for tissue transfer. It is fortunate that excision 
and primary anastomosis can reliably be achieved 
during posterior urethral reconstruction, given that 
tube flaps and grafts are generally associated with 
a high failure rate, and the tissues surrounding the 
membranous urethra deep within the pelvis prox- 
imal to the triangular ligament do not represent a 
suitable bed for graft spread fixation. 


Anastomosis 


Once the proximal sutures are placed along a 
widely patent proximal segment surrounded by 
pink healthy mucosa proximally, and flexible 
cystoscopy further confirms that the opening is 
distal to the verumontanum at the appropriate 
location, the distal segment is dorsally spatulated 
and calibrated using bougies a boule. The caliber 


should be greater than 30 Fr. The anastomosis is 
then completed as a stenting catheter is placed. 
It is our preference to use a 14-Fr soft silicone 
catheter. A small TLS train is placed deep adjacent 
to the corpus spongiosum deep to the bulbospon- 
giosus muscle, which is then reapproximated 
along the ventral midline, and a second flat 
7-mm drain is placed superficial to the muscle. 
The incision is then closed in 2 layers with absorb- 
able suture and a clear dressing is placed. No 
compressive dressing is required. 


Postoperative Care 


Our protocol is to maintain the stenting urethral 
catheter and the suprapubic tube urinary diversion 
for 3 weeks, and then perform a voiding cystour- 
ethrogram by removing the stenting catheter, 
filling the bladder with contract by gravity installa- 
tion, and then obtaining a film during urination. In 
the rare case of extravasation, a new stenting 
catheter is replaced and a repeat study is per- 
formed the next week. Other surgeons favor cath- 
eter removal without postoperative imaging. In 
most cases, the force of stream is excellent, and 
the suprapubic tube is then removed. If the stream 
is not weak, the tube is plugged and the patient is 
instructed to unplug the tube at home if unable to 
urinate and to check residuals by unplugging the 
tube after micturition. One possible reason for 
voiding difficulty is neurogenic bladder dysfunc- 
tion related to the initial injury, especially if there 
is associated back trauma. Several months after 
tube removal, flexible urethroscopy is performed 
to definitively confirm wide patency of the repair. 
Patients are then encouraged to have a baseline 
flow rate and postvoid residual assessment, and 
then to have this repeated annually. There is a 
lack of consensus regarding appropriate follow- 
up after surgery. 


Outcomes 


In our series of 85 patients, before referral, 17 
underwent failed endoscopic treatment and 17 
underwent failed open surgery. At the time of sur- 
gery, 19 patients underwent infrapubectomy, and 
no patient required supracrural rerouting. No 
patient required transfusion, and the only persis- 
tent neuropraxia was in 1 patient, who had persis- 
tent tingling of the toes, which resolved after 
several months. At the time of urethroscopy 
4 months after surgery, 2 patients were noted to 
have medium caliber narrowing. One of these 
patients underwent dilation 2 years after surgery 
and the other was observed and never required 
treatment. This finding corresponds to a success 
rate of 97.6% success, defined as durable wide 


patency of the repair and with no further treatment 
required. 

Other series report a similar success rate for 
adults, adolescents, and children, and this indi- 
cates that a stricture recurrence after a properly 
performed posterior urethroplasty should be a 
rare event.°?:54 Of the patients who presented to 
our center after failed surgery, the recurrence was 
often within days or weeks, suggesting that these 
were technical failures, likely because of inade- 
quate scar excision with an anastomosis to a widely 
patent segment of proximal urethral mucosa. 
Further suggesting that technical inexperience of 
the surgeon is likely the most common cause of 
failure is the fact that these patients usually have 
a successful outcome with the same technique of 
excisional repair when the revision surgery is per- 
formed by a specialist in urethral reconstruction. 
Published studies from referral centers confirm 
that when open repair fails, excision and primary 
anastomosis still remains the procedure of choice 
and when properly performed, offers a high suc- 
cess rate.°°-5° Delayed posterior urethral disruption 
injuries are highly amenable to successful recon- 
struction with excisional posterior urethroplasty 
via a perineal approach. 
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KEY POINTS 


e Open primary repair of pelvic fracture urethral injuries (PFUIs) should not be performed due to 
unacceptably high blood loss and high rates of postoperative erectile dysfunction. 
e Primary endoscopic realignment of PFUI is indicated for stable patients with PFUI, especially those 


with concomitant rectal and/or bladder injury. 


e For unstable patients with PFUI, a suprapubic tube should be immediately placed. Endoscopic 
realignment can then be attempted during the first week after injury provided the patient has 


been appropriately stabilized. 


e Even when primary realignment is successful, the majority of patients will develop a urethral stric- 


ture during the first year after the injury. 


INTRODUCTION 


Pelvic fracture urethral injury (PFUI) is an uncom- 
mon yet debilitating consequence of blunt pelvic 
trauma. The mechanism of these injuries involves 
major shearing forces at the bulbomembranous 
junction, resulting in avulsion of the urethra from 
the fixed urogenital diaphragm.’ PFUI rates vary 
from 5% to 25% in small series***; however, a 
recent review of the National Trauma Data Bank 
(NTDB) reported a lower prevalence of 1.54%.° 
The initial management of these devastating 
injuries involves either primary urethral realign- 
ment or suprapubic cystostomy diversion fol- 
lowed by delayed urethroplasty. The potential 
advantages of primary urethral realignment in- 
clude an earlier return to voiding, the possibility 
of avoiding future operative interventions, and 
better alignment of the proximal/distal urethral 
segments if an open urethroplasty is necessary 
in the future.°” 


HISTORICAL PERSPECTIVE 


PFUI management has changed significantly over 
the last 80 years. The earliest reported method 
of operative urethral repair was described by 
Young in 1929 and involved immediate, primary 
suturing of the disrupted urethral ends via a peri- 
neal approach.® This method was abandoned in 
favor of the retroperitoneal approach because of 
concerns about placing the injured patient in 
a dorsal lithotomy position with a concomitant 
pelvic fracture. Immediate retroperitoneal explo- 
ration and primary urethral repair also passed 
out of favor because of unacceptably high blood 
loss and high rates of postoperative erectile 
dysfunction.* 

Ormond and Cothran first described primary 
urethral realignment in 1934, by reapproximating 
the torn urethral ends with a catheter and encour- 
aging re-epithelialization via catheter traction.'° 
This technique, referred to as railroading, involved 
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advancing a catheter across the urethral defect in 
an antegrade or retrograde fashion to realign the 
urethra. The catheter remained in place for 4 to 
8 weeks. Initially, the patient’s catheter was main- 
tained on 500 grams of traction at a 45° angle for 
the first 5 to 7 days after injury in an effort to realign 
the proximal and distal urethral ends.' The theory 
supporting use of traction was to provide a scaf- 
fold for mucosal regeneration. Increased rates of 
incontinence were noted following the use of pro- 
longed traction attributed to ischemic damage of 
the internal sphincter.’ Canine studies performed 
in the 1960s also demonstrated that the trans- 
ected canine posterior urethra did not undergo 
mucosal re-epithelialization. Instead fibrous tissue 
filled the intervening gap.'2 

Early techniques for urethral realignment were 
performed using either Davis interlocking sounds 
or magnetic sounds.'* These instruments are of 
historic interest used in the era before flexible 
cystoscopy. One sound was placed through the 
suprapubic tube tract, while the other was 
passed through the urethra. The sounds were 
advanced toward each other until the tips either 
linked together or were brought together via mag- 
netic attraction. The tip of the SP tract sound then 
followed the penile sound until it exited the 
urethra, allowing a catheter to be advanced ina 
retrograde manner into the bladder. An SP tube 
could be placed for maximal drainage during 
healing. Primary urethral realignment was the 
standard of care for treatment of posterior ure- 
thral injuries from the 1930s until the 1960s. The 
technique later fell out of favor because of fear 
that primary urethral realignment caused further 
damage to the periprostatic tissue and neurovas- 
cular bundles, leading to impaired potency and 
continence. ' 

In the mid-1950s, Endtner advocated for initial 
suprapubic cystostomy and no attempt at initial 
urethral manipulation.’* This would be followed 
by delayed, elective repair of the inevitable 
urethral stricture after 3 to 6 months of suprapu- 
bic catheter drainage.'® Although it generated 
a nearly 100% stricture rate,'® this delayed ap- 
proach was the standard of care for the next 
30 years. ! 

Newer techniques pertaining to urethral realign- 
ment were introduced in the late 1980s. These 
techniques evolved into a combination of tran- 
surethral and transvesical endourologic proce- 
dures in conjunction with fluoroscopy.’ This 
technique is postulated to reduce damage to 
erectile function compared with earlier methods 
of realignment, because there is no manipulation 
of the periprostatic tissues and neurovascular 
bundles." 


INDICATIONS 


Posterior urethral injury should be considered in 
male trauma patients who have sustained either 
a pelvic fracture or perineal trauma. Blood at the 
meatus should increase the level of suspicion. 
Basta and colleagues!” reported that 92% of 
male subjects with PFUI had inferomedial pubic 
bone fractures or pubic symphysis diastasis, and 
in 88% of subjects, the displacement was greater 
than 1 cm. 

In patients who have sustained blunt trauma to 
the pelvis or perineum and who are clinically sta- 
ble, a retrograde urethrogram (RUG) should be 
performed to characterize a potential urethral 
injury. If a urethral disruption injury is noted, then 
primary urethral alignment may be indicated. In 
patients in whom the index of suspicion for urethral 
injury is high, yet who are clinically unstable, the 
urologist may attempt placement of a urethral 
catheter followed by suprapubic catheter if ure- 
thral catheterization is unsuccessful. Retrograde 
urethrogram for diagnosis and injury staging can 
be performed after clinical stabilization of the 
patient. 

Table 1 describes the American Association for 
the Surgery of Trauma (AAST) classification for 
urethral injuries along with their associated find- 
ings on retrograde urethrogram. In grades 1 and 
2, the urethral mucosa is intact, and contrast 
does not extravasate during retrograde urethro- 
gram. In these less severe injury patterns, gentle 
Foley catheter placement can be performed. 
Grades 3 to 5 injuries range in severity from partial 
to complete urethral lacerations (Fig. 1), and they 
are amenable to primary urethral realignment 
using the techniques outlined in the following 


Table 1 
AAST classification of urethral injuries 


Grade Definition Findings on RUG 


Normal RUG, blood at 
meatus 


Contusion 


Stretch 
injury 

Partial 
disruption 

Complete 
disruption 


Normal RUG, elongation 
of the urethra 


Extravasation of contrast, 
contrast into bladder 


Extravasation of contrast, 
<2 cm separation, no 
contrast in bladder 


Complete transection, 
>2 cm urethral 
separation or injury into 
prostate or vagina 


Complete 
disruption 


Pelvic Fracture Urethral Injuries 


Fig. 1. (A) Retrograde urethrogram demonstrating partial urethral injury (AAST 3). (B) Endoscopic appearance of 
the lumen with preservation of a portion of the mucosa from 7 to 9 o'clock. 


section. Specific indications for primary realign- 
ment in hemodynamically stable patients with 
PFUI include concomitant bladder and bladder 
neck injury (which makes SP cystostomy difficult 
or impossible), rectal injury (in which optimized 
drainage is recommended), and extreme dis- 
placement of the bladder and prostate from the 
membranous urethra (Fig. 2). Fig. 3 outlines the 
authors’ suggested algorithm for the management 
of PFUI. 


TECHNIQUE: RETROGRADE AND 
ANTEGRADE/RETROGRADE 


Primary urethral realignment for posterior urethral 
injuries can be performed using several tech- 
niques. The most commonly described techniques 
for primary urethral realignment include retrograde 
and antegrade/retrograde. 


Retrograde Approach 


A flexible cystoscope is advanced into the urethra 
to the injured area. In the setting of partial urethral 
injuries, the cystoscope may be able to navigate 


the injury and be advanced directly into the 
bladder. Otherwise, a glide wire is passed through 
the damaged portion of the urethra into the 
bladder. Confirmation that the wire has traversed 


Fig. 2. Cephalad displacement of the urinary bladder 
by pelvic hematoma in patient with complete urethral 
disruption (AAST 5). 
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Suspected urethral injury 


Y 


Retrograde urethrogram — | Normal Urethra: AAST I or II | 
Posterior urethral Injury: AAST III - V Urethral catheter (1 — 2 weeks) 
be È] 


Mechanism of Injury: Penetrating Mechanism of Injury: Blunt 


Primary open repair vs SP catheter 
until hemodynamically stable followed 
by open repair 


Assess for indications for open repair: 
bladder, bladder neck, rectal injury 


& za 


| Posterior urethral Injury: AAST III (partial) | 


| Posterior urethral Injury: AAST IV — V (complete) 


Primary urethral realignment via retrograde 
vs antegrade/retrograde approach 


Primary urethral realignment via 
antegrade/retrograde approach 


Urethral catheter: 3 weeks 


If placed: SP catheter until voiding 


Urethral catheter: 6 weeks 
SP catheter until voiding 


a ie 
Retrograde urethrogram < 


No extravasation: remove urethral catheter 


Y 


Extravasation: maintain urethral catheter (1 week) 


Y 


Urethral stricture 


¥ 


DVIU vs urethroplasty 


Fig. 3. Algorithm for the management of PFUI. 


the injury and is coiled in the bladder is obtained by 
advancing a 5 F catheter over the wire. The guide 
wire is then removed leaving the 5 F catheter in 
place. Urine is then aspirated through the catheter, 
or, if fluoroscopy is available, a cystogram is per- 
formed. After confirmation of the 5 F catheter’s po- 
sition, the guide wire is replaced, and a Council tip 
catheter is advanced over the wire into the 
bladder. 


Antegrade/Retrograde Approach 


This method employs an existing suprapubic tube 
tract, through which a flexible cystoscope is 
advanced to the bladder neck. A second cysto- 
scope is advanced retrograde into the urethra. 
The 2 cystoscopes are advanced toward each 
other through the damaged portion of the urethra 
until the light from 1 cystoscope is visible by the 
other. Fluoroscopic images via a movable C-arm 
are helpful during this step in severe urethral 


Follow up at 1,2,3, 12,24 mo 
Uroflowimetry, post void residual +/- cystoscopy ‘$ 


Normal urethra 


disruptions to assess the alignment of the 2 cysto- 
scopes in the anterior/posterior and lateral planes. 
Once correctly aligned, a wire is advanced through 
1 cystoscope into the working port of the other 
cystoscope, thus establishing access from the 
suprapubic tract through the injured urethra and 
out the urethral meatus. The cystoscopes are 
removed, and a Council tip urethral catheter is 
passed over the wire across the damaged 
urethra and into the bladder, where the balloon is 
inflated. A suprapubic catheter may be left for 
maximal urinary drainage during healing. 


TECHNIQUE: ADDITIONAL CONSIDERATIONS 
Timing of Primary Urethral Realignment 


Following diagnosis of a partial urethral injury 
(AAST grade 3), the authors’ practice is to make 1 
attempt at retrograde urethral catheter placement. 
If unsuccessful, they proceed with endoscopic 


realignment via the retrograde approach outlined 
previously. Primary urethral realignment of a com- 
plete injury is often delayed 24 to 72 hours following 
injury, while the patient is stabilized in the trauma 
intensive care unit. The bladder is drained with a 
suprapubic catheter during this time. Delayed pri- 
mary realignment can take place up to several 
days after the initial injury in a patient with a supra- 
pubic catheter. The mean and median time to pri- 
mary realignment in the authors’ published series 
of primary urethral realignment patients was 
2 days, with a range of 0 to 7 days.!8 


Placement of a Suprapubic Catheter 


In the setting of delayed primary urethral realign- 
ment, the patient’s bladder is decompressed 
with a suprapubic catheter. The suprapubic cath- 
eter is placed either by the urologist at bedside 
or under ultrasound guidance in interventional 
radiology. In pelvic trauma patients, the bladder 
may be displaced cephalad by significant pelvic 
hematoma, making ultrasound-guided suprapubic 
catheter placement a safer option (See Fig. 2). 


Intraoperative Considerations: Setting, 
Positioning, Fluoroscopy, Antibiotics 


The setting of the primary urethral realignment, at 
the bedside versus the operating room, is dictated 
by the stability of the patient and the need for other 
surgical procedures. To minimize trips to the oper- 
ating room, the authors’ preference is to perform 
primary urethral realignment in conjunction with 
other operative procedures, most commonly or- 
thopedic. This provides several benefits, including 
close hemodynamic monitoring by anesthesia, a 
sterile environment, timely access to equipment 
and fluoroscopy, and the ability to perform an 
open repair of a possible concomitant bladder 
injury or bladder neck laceration. 

The use of flexible cystoscopy allows for the 
patient to be positioned supine or in dorsal lithot- 
omy position for both the retrograde or ante- 
grade/retrograde approaches. When performed 
at bedside, the primary realignment is generally 
performed with the patient supine. Decisions 
regarding intraoperative positioning can be made 
with the input of the other surgical services 
involved in the planned procedures. 

Intraoperative fluoroscopy is a helpful adjunct to 
both retrograde and antegrade/retrograde primary 
realignment. In the retrograde approach, fluoros- 
copy can confirm the proximal location of the wire 
in the bladder. In both approaches, a cystogram 
can be performed to evaluate for concomitant 
bladder or bladder neck injury. An intraperitoneal 
bladder injury or a bladder neck laceration are 
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both indications for open operative repair. During 
the antegrade/retrograde approach, fluoroscopy 
can confirm that the 2 cystoscopes are in the 
appropriate anterior/posterior and lateral plane. 

Peri-procedural antibiotic prophylaxis is recom- 
mended with either a first-generation cephalo- 
sporin or a fluoroquinolone. Practice patterns 
differ depending on the duration of antibiotic 
prophylaxis. 


Frequency of Technical Success 


The reported urethral catheter placement rate via 
primary realignment is high, ranging from 70 to 
93%.19%-22 Other series indicate that if initial pri- 
mary realignment is unsuccessful, delayed primary 
realignment in 2 to 3 days may be achievable, as 
tissue edema may have resolved, enhancing 
visibility.2° 


Duration of Urethral Catheterizaton 


The published duration of urethral catheterization 
varies from 3 to 6 weeks.®41%-26 The authors’ 
practice is to maintain urethral catheterization for 
a minimum of 3 weeks for AAST grade 3 injuries 
and for 6 weeks for complete disruptions (AAST 
grade 4 and grade 5 injuries).'® Urethral catheters 
can be maintained longer if medically necessary as 
part of the patient’s poly-trauma recovery. A peri- 
catheter retrograde urethrogram or voiding cys- 
tourethrogram (VCUG) is performed at the time 
of catheter removal to confirm absence of urethral 
extravasation. Bladder drainage should be main- 
tained via urethral catheter or suprapubic catheter 
until urethral extravasation has fully resolved to 
reduce the risk of scrotal abscess. If present, the 
suprapubic catheter can be capped after radio- 
logic confirmation of urethral healing. After confir- 
mation of successful voiding, the suprapubic 
catheter can be removed. 

Surgeon preference dictates whether to leave a 
suprapubic catheter in addition to the urethral 
catheter. Orthopedists often prefer removal of a 
suprapubic catheter after urethral realignment if 
open reduction and internal fixation are performed 
for the associated pelvic fracture. If retrograde 
realignment is achieved, delayed replacement of 
the SP under controlled conditions may be consid- 
ered in high-risk patients. If the suprapubic cath- 
eter is still present, the authors will cap the SP 
tube after confirmation of urethral healing and allow 
voiding per urethra. The SP tube can be removed 
once the patient is able to successfully void. 


Follow-up Protocol 


Among patients who failed primary urethral 
realignment, the mean time to failure was 
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79 days, with a range of O to 288 days.'® The 
authors’ series indicates that although most 
patients fail within 6 months of urethral catheter 
removal, remote failures also occur. Given the 
high 79% stricture rate noted in their series, the 
authors’ follow-up protocol includes uroflowmetry, 
postvoid residual and/or cystoscopic evaluation at 
1, 2, 3, 12, and 24 months. Patients undergo 
immediate RUG and/or cystoscopy if symptoms 
of obstructive voiding manifest. The authors 
strongly recommend scheduled follow-up after 
all catheters are removed and do not have patients 
follow-up on an as-needed basis. 


OUTCOMES 


Webster and colleagues?” performed a compre- 
hensive literature review encompassing 538 cases 
of PFUI dating to the 1950s. The reported stricture 
rates for patients who underwent primary urethral 
realignment were 92% versus 100% for delayed 
open repair. However, it is difficult to interpret 
these results, as several series in this review 
used antiquated methods of urethral realignment. 
Two recent single-institution series comparing pri- 
mary urethral realignment versus delayed open 
urethral repair reported stricture rates of 40 to 
49% for urethral realignment versus 65% to 
100% for open urethral repair (Table 2).®7 

In the past decade, several single-institution 
studies of primary urethral realignment were pub- 
lished, reporting urethral stricture rates between 
14% and 79% (mean 42%). These rates include 
patients who have required any additional maneu- 
vers to achieve patency of the urethra, including 


Table 2 


dilation, direct vision internal urethrotomy, and 
urethroplasty (see Table 2).67:18.20.25,26,28-31 

Of the patients in these single-institution series 
who developed a urethral stricture, 78% required 
endoscopic therapy such as dilation or DVIU, 
while 22% went on to require urethroplasty 
(Table 3).°7:18,20.25,26,28-31 Of note, Olapade- 
Olaopa had patients perform prophylactic urethral 
dilations and had only 3 patients require urethro- 
plasty.22 In contrast, the authors’ population 
preferred to undergo urethroplasty rather than 
multiple endoscopic procedures or repeat inter- 
mittent catheterization. 18 


COMPLICATIONS 


Complications that are the direct result of primary 
urethral realignment are difficult to separate from 
the sequelae of the initial traumatic injury. Several 
series noted a small rate of complications such as: 
pelvic abscess (2%),°* urethroscrotal fistula 
(7%),33 perineal abscess (16%-25%),9%34 and 
septiciemia after delayed primary realignement 
(15%).° Failure to place a urethral catheter during 
primary realignment does not cause additional 
harm to the patient. In these patients, a suprapubic 
catheter is placed, and delayed urethroplasty is 
performed once urethral stricture develops.'® 
The technical success rates of urethral catheter 
placement are high; yet in 7% to 30% of patients, 
attempts at catheter placement are unsuccessful 
during primary urethral realignment. 19-22-29 

A common concern in the historic and modern 
literature is whether endoscopic realignment 
makes subsequent urethroplasty more or less 
difficult. One small series of 7 patients found 


Outcomes of modern single-institution series of primary urethral realignement. Stricture rates denote 
all patients who required additional therapy to achieve urethral patency including dilation, direct 


vision internal urethrotomy, and urethroplasty 


Patients in 


Author/Year Published Series 


Leddy et al,'® 2012 19 25 
Sofer et al,2° 2010 11 52 


Olapade-Olaopa et al,2? 2010 13 36 
Hadjizacharia et al,?° 2008 21 7 


Average Follow-Up 
(months) 


% Stricture %Incont. % ED 


79 
45 
23 
14 


Healy et al,?® 2007 8 41 40 0 40 


Mouraviev et al,® 2005 57 106 


Salehipour et al,2° 2005 25 20 
Tazi et al,?’ 2003 36 34 


Ku et al,” 2002 40 NR 


Moudouni et al,2> 2001 83 


49 34 
24 16 
42 19 
53 25 
52 15 


Abbreviations: ED, erectile dysfunction; Incont., incontinence; NR, not reported. 


Table 3 
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Interventions performed for the management of urethral stricture in the modern, single-institution 


series of primary urethral realignment 


Patients 


Authors/Year Published in Series 


# with 
Stricture 


# Needing 
U-Plasty 


# Needing Ongoing 
DVIU/Dilation CIC 


Leddy et al,'8 2012 19 14 11 3 0 


Sofer et al,2° 2010 11 5 
Olapade-Olaopa et al,?? 2010 13 3 


1 4 3 
0 2 10 


Hadjizacharia et al,2° 2008 21 3 0 2 0 
Healy et al,?8 2007 8 4 NR NR NR 


Mouraviev et al,® 2005 28 
Salehipour et al,2° 2005 

Tazi et al,’ 2003 

Ku et al,” 2002 

Moudouni et al,” 2001 


Abbreviation: CIC, clean intermittent catheterization. 


that urethroplasty after primary realignment was 
half as successful as the uninstrumented group 
(43% vs 85%).°° This was thought to be the result 
of inflammation and fibrosis in the periurethral tis- 
sues as a result of instrumentation. Other authors 
have indicated that urethroplasty after primary 
urtheral realignment was easier and more suc- 
cessful due to appropriate alignment of the prox- 
imal and distal urethral ends of the urethra.”:2° 
The authors’ experience is that urethroplasty after 
primary realignment is feasible and has good tech- 
nical success. In their series of 19 patients who un- 
derwent primary realignment, 11 underwent 
posterior urethroplasty. The authors did not note 
that posterior urethroplasty was more difficult 
following previous primary urethral realignment. 
Three patients in their series required operative 
maneuvers beyond urethral mobilization, including 
splitting corporal bodies in 2 patients and an infe- 
rior pubectomy on 1 patient. One patient required 
a urethral repair via the abdominoperineal 
approach; the other patients in the series under- 
went urethroplasty via a perineal approach. 
Mean follow-up for these patients is 3.0 years. '® 
Erectile function and urinary continence rates af- 
ter primary urethral alignment have been reviewed 
in the urologic literature. In their comprehensive 
literature review published in 1983, Webster and 
colleagues?’ reported the rate of erectile dys- 
function after urethral realignment was 52% 
versus 36% after suprapubic cystostomy and 
delayed open urethral repair. The reported rate of 
incontinence in this large review was 7% after 
realignment and 14% after suprapubic cystos- 
tomy and delayed open repair. This review demon- 
strates a high rate of erectile dysfunction in the 
realignment group versus the suprapubic 


14 


cystostomy group. However, a criticism of this re- 
view is that the technique for primary urethral 
realignment was not uniform, as the cohort was 
from multiple centers (15) and time periods 
(1961-1983). In addition there was no standardiza- 
tion of realignment technique or subsequent 
follow-up duration in many of the studies. 

Two modern, single-institution series comparing 
rates of erectile dysfunction after primary urethral 
alignment versus suprapubic cystostomy followed 
by delayed open urtheral repair found erectile 
dysfunction rates of 25% to 34% versus 15% to 
42% and urinary incontinence rates of 0% to 
18% versus 15% to 26%.°” The reported rate of 
postrealignment erectile dysfunction is much lower 
in the modern series, at 25% to 34% versus 52% in 
Webster’s series. These rates were also similar to 
the rates of erectile dysfunction (15%-42%) found 
in the suprapubic cystostomy group. The rates of 
incontinence after primary urethral realignment 
remain relatively stable in all 3 series, at 0% to 
18% versus 7% in Webster’s large review. 

Recent single institution series report postpri- 
mary realignment rates of erectile dysfunction of 
0% to 55% and urinary incontinence rates of 0% 
to 18% (see Table 2).%7:1820.25,26,28-31 Data are 
not available regarding rates of erectile dysfunc- 
tion before injury and before the primary realign- 
ment procedure; therefore, the authors cannot 
definitively comment on whether the erectile 
dysfunction is the result of the injury or the subse- 
quent realignment. 


LIMITATIONS 


Although the published rates of urethral stricture 
after primary urethral realignment are high, the 
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procedure does save between 21% to 86% 
of men from subsequent urethral interven- 
tions.&7:18.20,25,26,28-31 An additional 78% of 
patients who develop urethral stricture are saved 
an invasive surgical procedure such as a urethro- 
plasty (see Table 3). 

The failure rate aside, there are several limita- 
tions to primary urethral realignment. Primary 
urethral realignment can be a time-consuming 
procedure. The average published time for 
the retrograde approach is between 5 and 22 
minutes.2*2956 The authors noted the average 
time for the antegrade/retrograde approach to be 
longer at 74 minutes (range 10-284 minutes).18 
Other series have reported the mean time for the 
antegrade/retrograde approach to be similar, at 
40 to 75 minutes (range 30-145 minutes).75:26 

Primary urethral realignment can be a resource- 
intense procedure for a several reasons. First, the 
antegrade/retrograde approach requires addi- 
tional personnel, as 2 urologists are needed. In 
addition, close follow-up in the first 3 months after 
the injury is necessary because of high rates of 
stricture formation following urethral catheter 
removal. Lastly, there are issues related to the 
patient’s poly-trauma, such as orthopedic injuries 
that may delay urological reconstruction if primary 
realignment fails. In such a circumstance, a supra- 
pubic cathether may need to be reinserted in the 
operating room or by interventional radiology 
personnel. In such an instance, the patient will 
require frequent suprapubic catheter changes until 
an attempt at minimally invasive therapy or poste- 
rior urethroplasty can be made. 

Urethral realignment is not indicated for primary 
treatment of patients with bladder neck or pros- 
tatic lacerations caused by pelvic fracture. These 
particular injuries are surgical emergencies and 
should be repaired during the index hospitalization 
once the patient is hemodynamically stable.°’ 
These patients continue to be managed with 
immediate open repair because of higher rates of 
sphincter incompetence or bladder neck contrac- 
ture if the urothelial defect is not surgically 
repaired. 


SUMMARY 


In the past 80 years, debate has been ongoing in 
the urologic and trauma literature on the safest 
method of managing PFUI, the method that will 
result in the highest rates of continence and po- 
tency and the lowest rates of stricture formation. 
This debate has changed from immediate open 
surgical repair to rudimentary forms of urethral 
realignment to suprapubic drainage with delayed 
urethral stricture repair. In the past 30 years, 


practice patterns have returned to favor early ure- 
thral realignment via endourologic methods. 
Based on what is available in the urologic litera- 
ture, combined with the authors’ own experience, 
primary endoscopic urethral realignment fol- 
lowing PFUI results in high rates of symptomatic 
urethral stricture requiring further operative treat- 
ment. However, this technique spares a signifi- 
cant number of patients any further urethral 
intervention and an even greater number of pa- 
tients the need for a subsequent urethroplasty. 
Thus, the authors continue to recommend pri- 
mary urethral realignment after PFUI if it can be 
performed expediently and without subjecting 
the patient to additional risks. Close follow-up of 
these patients remains imperative after initial 
catheter removal because of cases of delayed 
stricture formation. 
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Reconstruction of Traumatic 
and Reoperative Anterior 
Urethral Strictures via 
Excisional Techniques 


Lee C. Zhao, MD?, Steven J. Hudak, MDP, Allen F. Morey, MD®* 
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KEY POINTS 


e Reoperative urethroplasty may be compromised by poor tissue vascularity. 
e Excision of poorly vascularized scar is important for successful reconstruction. 


Urethroplasty is the gold standard for treatment of 
anterior urethral strictures. Reported success rates 
for excisional and primary anastomosis range from 
86% to 99%.1-3 Success rates for substitution ure- 
throplasty are lower, but remain high at 80% to 
90%** for oral mucosal grafts, and 75% to 
87%" for penile skin flaps. For patients with stric- 
ture recurrence, reoperative urethroplasty is 
rendered more challenging by the presence of 
dense scar tissue and poor tissue vascularity. 
Further, patients having prior substitution urethro- 
plasty may have a concomitant shortage of donor 
sites for penile skin flap or oral mucosa graft. For 
these reasons, our approach to reoperative ure- 
throplasty has centered on an excisional strategy 
when possible. The role of excisional reoperative 
urethroplasty is highlighted in this article. 


PREOPERATIVE EVALUATION 
Nearly all patients with stricture recurrence after 


urethral reconstruction present with recurrent 
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voiding symptoms. At first, imaging studies in- 
cluding retrograde urethrography (RUG) and void- 
ing cystourethrography (VCUG), when possible, 
are performed because the radiographic appear- 
ance of strictures is known to change dramatically 
over time after intervention.2 Patients who have 
previously undergone urethroplasty, especially 
substitution techniques, often have irregularities 
on RUG. Urethroscopy is helpful to determine the 
caliber of the stricture in such cases; our practical 
general rule for questionable cases is that, if a 
16-French flexible cystoscope can be passed 
through the area of narrowing, we do not offer sur- 
gical repair for those areas. In cases in which the 
patient has an obliterative stricture and a suprapu- 
bic tube has been placed, antegrade urethroscopy 
may be performed with the flexible cystoscope via 
the suprapubic tube tract. 

Endoscopic management with urethrotomy or 
balloon dilation is performed if there are short, non- 
obliterative strictures. If a stricture is not amenable 
to endoscopic management or has failed previous 
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A 53-year-old man with urethral stricture who under- 
went excision and primary anastomotic urethroplasty. 


attempts at endoscopic treatment, reoperative 
urethral surgical reconstruction is performed. 


SURGICAL TECHNIQUE 


We attempt to perform reconstruction in a single 
stage. If more than one stricture is present, we 
adapt an ascending approach used for primary 
repair of synchronous strictures.'° Patient posi- 
tioning is determined by the location of the stricture 
(supine for pendulous strictures, adjustable stirrups 
are used for dorsal lithotomy positioning for bulbar 
or synchronous strictures requiring concomitant 
perineal exposure). Serious position-related com- 
plications are more common with prolonged time 
in high lithotomy." If a stricture is present in both 
the pendulous and bulbar urethra, we repair the 
pendulous portion first in low lithotomy before 
raising the legs to minimize time in high lithotomy. 


THE CENTRAL ROLE OF EXCISIONAL 
TECHNIQUES 


Scar tissue is poorly vascularized and does not heal 
normally. Thus, we think that resection of scar 


Recurrence of bulbar stricture (arrow). 


= 


Recurrent stricture treated with urethral stent placed 
at an outside institution. 


tissue is central for the success of urethral recon- 
struction. When possible, anastomoses should be 
performed across healthy tissue. 

For bulbar strictures, excision and primary anas- 
tomosis (EPA) is performed whenever possible. 
We have found that strictures in the proximal 
bulbar urethra are especially amenable for this 
technique. '? For the patient with posterior urethral 
stenosis who has previously failed an EPA with us, 
we usually perform a repeat perineal reconstruc- 
tion emphasizing proximal exposure via corporal 
separation; sometimes a combined abdominal- 
perineal approach may be helpful, especially for 
children or complex cases. The anterior prostatic 
apex is mobilized off the pubis through the abdom- 
inal incision. The urethra is mobilized through 
the perineal incision. Mobilization through both 
incisions allows wide proximal exposure and 
complete scar excision with a tension-free anasto- 
mosis. We have found that most patients who 
have failed initial EPA can be salvaged with repeat 
EPA. 


The patient underwent scar excision, removal of Uro- 
Lume, and repeat urethroplasty. 


Reconstruction of Traumatic and Reoperative Anterior Urethral Strictures 


Postoperative voiding cystourethrogram after reoper- 
ative excision and primary anastomosis urethroplasty. 


SUBSTITUTION URETHROPLASTY 


When substitution urethroplasty has previously 
been performed in the bulbar urethra, the type of 
prior urethroplasty influences the repair. In pa- 
tients who had a prior ventral onlay graft, we 
have found that the dorsal aspect of the urethra 
can be easily dissected from the triangular liga- 
ment and corpora cavernosa, thus facilitating 
straightforward EPA for short recurrences at either 
ends of the graft. If excessive stricture length pre- 
cludes EPA, then we prefer to perform an 
augmented anastomotic urethroplasty with ventral 
onlay buccal mucosa graft or short penile skin 
minipatch.'? In patients who have had a dorsal on- 
lay graft, the dorsal dissection is more difficult 
because the graft has been quilted to the corporal 
bodies. However, the abundant ventral bulbar 
spongiosum facilitates ventral onlay buccal as it 
normally would in nonreoperative scenarios. 

We tend to prefer ventral onlay buccal mucosa 
graft for longer bulbar strictures because of the 
ease of exposure and suturing, and the stability 
of the corpus spongiosum. If there is a poor or ab- 
sent urethral lumen to graft onto, and the stricture 
is too long to perform an EPA, overlapping buccal 
mucosa grafts has proved to be a reliable alterna- 
tive to multistage reconstruction. 14 

For pendulous strictures, an 18-Fr bougie is 
placed in the urethra down to the location of the 
stricture. The urethra is incised ventrally at the 
midline until normal-caliber urethra is reached. 
The tissue quality of the urethral plate is examined 
and stricture length and width assessed. If the 
width of the urethral plate is at least 8 mm, and 
there is sufficient healthy non-hair-bearing skin, 
then we perform a circular fasciocutaneous penile 
flap. When the dorsal urethral plate is completely 
diseased, the portion of the dorsal plate containing 


the worst scar is excised, the defect is shortened 
by roof-strip anastomosis if the dorsal defect can 
be approximated primarily, and a fasciocutaneous 
penile flap placed ventrally. If the dorsal defect is 
too long or severe, then a dorsal onlay buccal mu- 
cosa graft is placed in conjunction with a ventral 
fasciocutaneous penile flap.'° If patients do not 
have sufficient penile skin for a flap, we perform 
overlapping buccal mucosa grafts. A short dorsal 
buccal mucosa graft is placed within the severe 
defect, and a longer overlapping ventral graft is 
placed more broadly.'* When corpus spongiosum 
is unavailable for ventral graft coverage, tunica 
dartos, or tunica vaginalis are used, depending 
on location and tissue availability. 

Multistage reconstruction is reserved for pa- 
tients with long recurrent pendulous strictures 
who lack sufficient healthy penile skin for flaps, 
such as those with lichen sclerosus. For these 
rare cases, the scarred urethra is completely re- 
sected and a wide buccal mucosa graft is anasto- 
mosed to the proximal and distal end of the normal 
urethra and secured to the skin edges laterally. 
Quilting sutures are placed through the graft to 
fix it to the ventral side of the penis. A bolster dres- 
sing is secured with tie-over sutures and left in 
place for 5 days. The neourethra is then tubular- 
ized after approximately 6 months, provided that 
revision of either anastomosis or augmentation of 
areas of graft contract is not required. 


POSTOPERATIVE FOLLOW-UP 


Patients with reoperative stricture are at an 
increased risk of subsequent stricture recurrence, 
because the conditions that led to the initial failure 
(hypospadias, radiation therapy, lichen sclerosis) 
may still be present. We consequently perform 
voiding cystourethrogram at the time of catheter 
removal, and at 6 to 12 months. Patients with void- 
ing symptoms are evaluated with flexible cystos- 
copy. We define urethroplasty failure as the 
inability to pass the 16-Fr flexible cystoscope 
past the obstruction, thus requiring endoscopic 
treatment or repeat urethroplasty. 


SUCCESS OF REOPERATIVE URETHROPLASTY 


In a recent University of California, San Francisco, 
series of 130 patients undergoing reoperative ure- 
throplasty, the investigators reported a success 
rate of 67% for 1 procedure.'® Success after 2 
procedures was 78% at a median follow-up 
of 55 months. The investigators performed a 
variety of repairs: anastomotic, fasciocutaneous 
penile flap, onlay graft, or combined technique. 
Anastomotic urethroplasty had lower failure rates 
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(15%) than other repairs, and was performed 
nearly half of the time. Longer strictures and com- 
plex repairs are more likely to fail. Hypospadias 
and lichen sclerosis are more likely to result in fail- 
ure. Most failures occur within 2 years of surgery. 
At our institution, we have observed that EPA for 
reoperative urethroplasty (in well-selected pa- 
tients) is as successful as EPA performed primarily. 
Failure after prior substitution repairs can often be 
treated with EPA. With adequate proximal and 
distal mobilization, the stricture can be fully 
excised and an anastomotic repair performed. 


SUMMARY 


Reoperative urethroplasty is complicated by 
increased urethral and periurethral scar and the 
frequent persistence of comorbid conditions that 
caused the original failure. Nevertheless, by 
experienced clinicians, reoperative urethral recon- 
struction can be completed with success rates 
comparable with those of primary urethroplasty. 
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KEY POINTS 


Radiation therapy for prostate cancer has been used with increased frequency in the past 2 
decades. Higher radiation doses with modern techniques seem to be a significant risk factor for 
formation of urethral stricture, bladder neck contracture, and rectourethral fistula. 

Radiation delivered to the apex of the prostate during interstitial therapy is a significant risk factor 
for the formation of urethral stricture in the bulbar and membranous urethra. Dose modifications 
may limit formation of urethral stricture. 

Intensity-modulated radiation therapy has shown no increased risk of lower urinary tract injury 
compared with three-dimensional conformal external beam radiation therapy. 

Urethral stricture caused by radiation therapy is often located in the bulbar and membranous 
region. Most of these strictures are short, and most often can be repaired with excision and primary 
anastomosis. Longer strictures are amenable to substitution urethroplasty. 

Rectourethral fistula caused by radiation therapy is a serious complication. Urinary and bowel 


function can be successfully restored with reconstruction in many patients. 


INTRODUCTION 


Radiation therapy for the treatment of prostate 
cancer has been evolving since its introduction 
in the early twentieth century. The discovery of 
radioactivity, the weak form of uranium, by Henri 
Becquerel in 1896 and the discovery of radium 
by Marie and Pierre Curie in 1898 ushered in a 
new era in medical technologies.'! Early knowl- 
edge of the effects of radiation on human tissue 
was identified through incidental exposures by 
early researchers. The subsequent medical appli- 
cations with this new technology attempted to 
maximize the dose of radiation and minimize the 
effects on normal tissue. The following 2 decades 
led to refined technologies and techniques of 


administration to prostate tissue through mainly 
intracavitary means that were used by prominent 
urologists of the era, including Hugh Hampton 
Young.” Benjamin Barringer is credited with pio- 
neering the interstitial implantation techniques 
currently used via a perineal and suprapubic 
approach using glass-encapsulated radon. The 
1930s saw the first use of external beam radiation 
therapy (EBRT). More effective use of external and 
interstitial therapies now relies on modern imaging 
techniques of computed tomography (CT) scans 
and transrectal ultrasound to maximize treatment 
and limit side effects.* 

Prostate cancer is the most common non- 
skin-related malignancy of men in the United 
States. In 2012, an estimated 241,740 new cases 
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will be diagnosed, which accounts for 29% of all 
new cancer diagnoses in men.° According to the 
2007 American Urological Association guidelines, 
use of either brachytherapy (BT) or EBRT may be 
used alone or in combination for first-line therapy 
for localized prostate cancer.® Analysis of the 
CaPSURE (Cancer of the Prostate Strategic Uro- 
logic Research Endeavor) database, a national 
disease registry of more than 10,000 men, found 
that radiation therapy was used in more than 
20% of newly diagnosed low-risk prostate cancer 
from 1993 to 2001.’ This same study also showed 
an increase in the use of BT from 4% to 22% dur- 
ing the study time period. The SEER (Surveillance, 
Epidemiology, and End Results) database, which 
includes primarily men more than the 65 years of 
age, has shown a rapid adoption of use in recent 
years of intensity-modulated radiation therapy 
(IMRT), a modality of EBRT that can deliver high 
doses of radiation. The use of IMRT compared 
with three-dimensional conformal EBRT increased 
from 0.15% of total men treated with EBRT in 2000 
to 95.6% in 2008.8 Despite little knowledge of the 
long-term genitourinary morbidity, rapid adoption 
of high-dose IMRT and BT have become more 
prevalent in the treatment of prostate cancer. 

Lower urinary tract injury caused by radiation 
treatment of pelvic malignancy includes formation 
of urethral stricture, bladder neck contracture 
(BNC), and rectourethral fistula (RUF). Each of 
these conditions can be a serious complication 
to the patient both physically and mentally. This 
article focuses on the pathophysiology, risk, eval- 
uation, surgical reconstruction, and long-term 
considerations for patients with lower urinary tract 
injury caused by radiation therapy. 


PATHOPHYSIOLOGY AND RISK FACTORS FOR 
LOWER URINARY TRACT INJURY 


Radiation interacts with living cells in several ways 
that make it an effective cancer treatment. The ef- 
fects may be divided into direct or indirect interac- 
tions with ionizing radiation. The direct interaction 
occurs when the energy from the photon directly 
damages either the cellular DNA and/or tissue pro- 
tein. This damage leads to immediate cell death or 
mutation of the DNA. The indirect interaction oc- 
curs when the ionizing radiation interacts with wa- 
ter in the cell and leads to the formation of free 
radicals that interact with enzymes leading to cell 
death or future mutation. Both of these interac- 
tions lead to cellular injury that can cause division 
delay, reproductive failure, or interphase death 
through the apoptosis mechanism, which is more 
common in rapidly dividing cells.? These inter- 
actions and resultant cellular injury are dose 


dependent and occur in a linear threshold model. 
When normal tissue is damaged with exposure 
greater than the injury threshold, several changes 
occur that result in a cycle of scar and subsequent 
healing. Damage to basement membranes of 
vessels can lead to occlusion, thrombosis, and 
eventually reduced neovascularization.'° The sub- 
sequent fibrosis is caused by an increase of fibro- 
blasts that no longer make mature collagen, which 
accounts for the atrophy and contraction of the 
tissue." 

Urethral stricture results from replacement of the 
corpus spongiosum with fibrosis and resultant 
occlusion of the urethral lumen. '? With a more thor- 
ough understanding of radiation biology it is logical 
that increases in radiation doses would result in a 
higher rate of urethral stricture. High-dose-rate BT 
(HDRBT) and EBRT, either alone or in combination, 
have been used to achieve higher disease-free sur- 
vival for the treatment of prostate cancer.^ 13-16 
This strategy has developed out of improved tech- 
nology and imaging techniques that allow more 
focused concentration of radiation to the intended 
tissue. Data from the CaPSURE database showed 
the stricture rate for BT to be 1.8%, EBRT 1.7%, 
and combined therapy 5.2%.'” Another more 
recent study compared the rate of stricture forma- 
tion in 1903 patients after EBRT, low-dose-rate BT, 
and HDRBT. The rates of urethral stricture forma- 
tion were 2%, 4%, and 11% respectively, indi- 
cating that despite modern imaging techniques 
and modifications the amount of radiation damage 
delivered to normal tissue is significant.'® 

The use of HDRBT has shown a high incidence 
of urethral stricture formation. Sullivan and col- 
leagues'? showed that after HDRBT the actuarial 
rate of urethral stricture formation at 6 years was 
estimated to be 12% for all urethral locations and 
10.8% for the bulbomembranous location. Overall, 
the investigators concluded that 90% of urethral 
strictures following HDRBT occur in the bulbo- 
membranous region. When combined with EBRT, 
HDRBT has a similar rate of stricture formation 
as HDRBT alone at 11.8%.'* 

As expected, the dose of radiation delivered to 
the urethra has been shown to be a significant risk 
factor in the development of urethral stricture as 
well as the location of the delivered radiation 
dosage. Merrick and colleagues@° has shown that, 
in patients with urethral stricture formation following 
BT, the dose delivered to the apex of the prostate 
was significantly higher than in case-controlled pa- 
tients who did not form urethral strictures. By 
limiting the dosage to the apex of the prostate, the 
investigators showed a relative risk reduction of 
stricture formation of greater than 30% Earley and 
colleagues?! found that the radiation delivered by 


low-dose-rate BT within 5 mm of the urethra at the 
apex of the prostate was significant. Of the patients 
treated in this study, the 6.5% who formed urethral 
stricture had roughly 30% more dosage delivered 
to the apex of the prostate. 

The amount of radiation delivered per treatment 
also affects the rate of urethral stricture following 
treatment. When 18 to 20 Gy of radiation were 
delivered by HDRBT over 2, 3, or 4 fractionated 
dosages, the stricture rate was different. The frac- 
tionated dosages were delivered during a single 
hospital admission with at least 6 hours between 
treatments. The urethral stricture rate increased 
to 31.6% when delivered over 2 treatments, 
compared with 3.4% for 3 treatments and 2.3% 
for 4 treatments. The investigators concluded that 
the amount delivered per treatment was the most 
significant factor in urethral stricture formation, 
which led to a change in their treatment algorithm.?? 

EBRT may be delivered in a variety ways. The 
most common modern techniques are three- 
dimensional conformal therapy and IMRT, which 
have a similarly low rate of stricture formation, typi- 
cally reported to be less than 3%.1718:23 However 
men who have undergone previous transurethral 
resection of the prostate before conformal EBRT 
have an increased risk of urethral stricture forma- 
tion ranging from 4% to 16%.?4:?5 Another high- 
risk group for urethral stricture formation includes 
men who undergo adjuvant EBRT therapy for 
high-risk prostate cancer following radical prosta- 
tectomy in whom the rate of urethral stricture for- 
mation is reported to be as high as 17%.7° 

Proton beam therapy (PBT) uses high-velocity 
particles instead of photons to deliver energy to 
the prostate. In theory, PBT delivers less energy 
to normal tissue because the proton’s energy is 
dissipated at preset depths depending on the 
velocity of the proton.2” Genitourinary complica- 
tions seem to be comparable with external beam 
therapies, although limited data make these rates 
difficult to compare. In one phase Ill clinical trial 
that compared high-dose EBRT alone or with an 
additional boost of conformal PBT, the rate of 
urethral stricture increased from 8% of 99 patients 
who received EBRT therapy alone to 19% of 103 
patients who received a PBT boost to EBRT.2® 

Data on the rate of formation of BNC after radi- 
ation are limited; however, it is estimated to be 
between 2% and 12%.17:29%-81 The risk factors for 
the development of BNC following radiation have 
not been studied as extensively as urethral stric- 
ture formation, but it can be inferred that similar 
factors such as the dose and location of radiation 
delivery play a major role. 

RUF formation following radiation therapy has 
been reported with greater frequency in the 
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literature over the last decade. The process that re- 
sults in RUF formation following radiation is specu- 
lated to be the result of fibrosis and microvascular 
injury leading to mucosal ulcers and eventual fistu- 
lization. Lane and colleagues®* concluded that, 
before 1997, radiation therapy accounted for only 
12% of the total RUF. After 1997, RUF caused by 
radiation increased to 49.6% of the total RUF re- 
ported in the literature. The investigators concluded 
that reporting bias may have been partially respon- 
sible for this finding but likely the increase in use of 
radiation therapy for prostate cancer was also 
responsible. Nonetheless, the overall incidence of 
RUF is uncommon after EBRT (0%-0.6%)°?:%4 
and after BT (0.3%-3%).3035-37 As with radiation- 
induced urethral stricture, this process seems to 
be dose dependent, but this has not been 
confirmed. 

The risk of RUF may increase after endoscopic or 
open manipulation of the urethra, prostate, or 
rectum following radiation therapy. In one study, 
RUF was linked to postradiation transurethral 
resection of the prostate in 38%, postradiation 
rectal biopsy in 38%, and argon beam therapy for 
postradiation proctitis in 13% of patients.°® This 
same study also showed a high rate of concomitant 
urethral and rectal strictures, which may cause 
high-pressure elimination, a contributing factor in 
the development of RUF. 

Salvage therapy after primary radiotherapy for 
recurrent prostate cancer significantly increases 
genitourinary complications. Salvage radical pros- 
tatectomy can result in an anastomotic urethral 
stricture rate of up to 41%°°7° with an average 
rate of 20%.*' Salvage cryotherapy results in ure- 
thral sloughing and subsequent stricture formation 
in 15% of patients,4?*° BNC in up to 28% of 
patients,*°*4 and RUF in 3.4% of patients.*°-*6 
Salvage BT after primary radiotherapy results in 
grade 3 to 4 genitourinary toxicity in 14% to 47% 
of patients,*” 48 but specific percentages of urethral 
stricture are difficult to determine. Following salvage 
BT, RUF has been reported to occur in up to 12% of 
patients.4'4° High-intensity focused ultrasound 
(HIFU), when used for biochemical recurrence 
following radiation therapy, results in BNC formation 
in 17% of patients and RUF formation in up to 16% 
of cases.*" 


PATIENT EVALUATION 


Multiple urinary symptoms may occur as a result of 
radiation injury to the lower urinary tract. Storage- 
related symptoms such as frequency, urgency, 
and urge-related incontinency occur mainly as a 
result of bladder damage and loss of capacity; 
postmicturition and obstructive symptoms such 
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as hesitancy, postvoid dribbling, and weakened 
stream occur mostly secondary to occlusion of 
the lower urinary tract. Up to 70% of patients 
may report these symptoms in a progressive 
manner that may even manifests months or years 
after the initial radiation injury.'2 A validated ques- 
tionnaire specific to urethral strictures has not 
been fully established; however, Jackson and col- 
leagues°° provided methodology and initial results 
for a urethral stricture-specific questionnaire with 
good content and criterion validity to assess uri- 
nary complaints. When fully developed, such a 
tool may aid in the noninvasive evaluation and 
follow-up for patients with urethral stricture dis- 
ease. Urinary tract infection, hematuria, or acute 
urinary retention may also occur in these patients, 
but less commonly as the presenting complaint. 
Physical examination can be used to determine 
urethral meatus patency and may reveal suprapu- 
bic fullness if urinary obstruction is present. On 
rectal examination, a RUF may be palpated, espe- 
cially if the defect is large. 

Diagnostic studies useful for the evaluation of 
urethral strictures and BNC consist of urinary flow 
studies, urodynamics, endoscopic studies, and 
radiologic evaluation. Urinary flow studies are 
commonly performed and often show a flat curve 
with low urinary flow rate in men with obstruction 
from BNC or urethral stricture disease.5' Urody- 
namic studies may be helpful to determine whether 
a patient is a candidate for reconstructive repair of 
BNC following radiation therapy, although catheter 
placement may be challenging. For patients with 
bladder volumes less than 200 mL or severe detru- 
sor instability, conservative measures to increase 
bladder volume may be attempted before recon- 
struction. However, other options such as bladder 
augmentation before reconstruction or urinary 
diversion can be discussed with the patient.52-53 
Postvoid residual may also be performed but this 
study is nonspecific and may be subject to user 
variation.°* Retrograde urethrography offers the 
ability to determine the length and location of the 
obstruction (Figs. 1 and 2). If necessary, voiding 
cystourethrogram allows for full evaluation of the 
posterior urethra as well as the urethra proximal 
to the stricture if retrograde urethrogram is incon- 
clusive.'? If a suprapubic tube is present, simulta- 
neous antegrade endoscopy and retrograde 
urethrography can be performed (Fig. 3). MRI and 
CT scan rarely provide useful staging information 
before urethroplasty. Ultrasound of the urethral 
stricture may also provide useful staging informa- 
tion about the extent of the spongiofibrosis.°° 

RUF is often more obvious than urethral stricture 
or BNC and presents with urine persistently leak- 
ing from the rectum. The fistula typically develops 


Fig. 1. A stricture involving the bulbar and membra- 
nous urethra following BT. 


several months to years after treatment with radia- 
tion. In addition to the urinary leakage, patients 
may present with pneumaturia, dysuria, perineal 
pain, or pelvic pain. Fecaluria is less common 
with RUF than colovesical fistula because of the 
higher pressure of the urethra compared with the 
bowel.5° Digital rectal examination may assist 
with the diagnosis if the defect is large. Retrograde 
urethrogram and cystogram should be performed 
to confirm the suspected diagnosis and to deter- 
mine whether there is a concomitant urethral 


Fig. 2. Retrograde urethrogram (RUG) showing a 
radiation-induced BNC following radical prostatec- 
tomy and adjuvant EBRT. 


Fig. 3. Combined antegrade endoscopy and RUG to 
delineate the extent of a radiation-induced urethral 
stricture. 


stricture or BNC in addition to the RUF (Fig. 4). 
Proctoscopy and cystoscopy should also be per- 
formed under anesthesia to fully delineate the 
location and extent of the fistula and guide plan- 
ning. Examination should also focus on evaluation 
of a rectal stricture, because almost all patients 
who are treated with BT have some degree of 
rectal stenosis.°’ Biopsy should be taken of all 
fistula tracts before surgery to assess for cancer 
recurrence at the fistula site. Abdominal and pelvic 
imaging with CT or magnetic resonance imaging 


Fig. 4. RUG showing a rectourethral fistula and 
concomitant urethral stricture. 
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also helps to delineate the location of the fistula 
and the degree of surrounding tissue viability.°2 

Diversion with a colostomy or ileostomy has 
been reported before or at the time of definitive 
reconstructive management for tissue healing 
and symptomatic improvement.323258.59 Although 
it has been stated that all patients who develop a 
complex RUF following radiation therapy should 
undergo fecal diversion, this has not been estab- 
lished.©° Mundy and Andrich®® reported a series 
of radiation-induced RUF repaired with and 
without fecal diversion. The investigators showed 
no impact of preoperative fecal diversion on the 
success of the repair. It was postulated by the 
investigators that, if fecal diversion was not per- 
formed after the initial diagnosis, then a colostomy 
was not necessary at the time of repair. In general, 
the decision to perform fecal diversion should be 
based on the viability of the tissue surrounding 
the RUF.°' Counseling is important with these pa- 
tients because urinary and fecal diversion can be 
used as definitive long-term management in lieu 
of reconstruction for symptomatic relief.2°°°° Per- 
manent fecal diversion may be considered in pa- 
tients with extensive damage to the rectum and 
anal sphincter with a low probability of fecal conti- 
nence after surgery. 

When considering reconstruction of the urinary 
tract for RUF, urodynamic studies should be consid- 
ered. Urodynamics may be difficult to obtain in pa- 
tients with RUF, because the bladder may not hold 
adequate volumes because of urinary leakage. 
Nonetheless an assessment of bladder capacity is 
necessary. As with patients diagnosed with 
radiation-induced urethral stricture or BNC, men 
with a radiation-induced RUF and a significantly 
limited bladder capacity are often best suited for 
urinary diversion with cystectomy and ileal conduit. 

Sexual function should be evaluated and as- 
sessed before and following reconstruction of lower 
urinary tract injuries caused by radiation. Sexual 
function, as assessed by patient report, was pre- 
served in the 50% of patients undergoing anterior 
urethroplasty for radiation-induced urethral stricture 
who reported normal sexual function before sur- 
gery. However, validated patient-reported outcome 
measures were not used in this study.° The Interna- 
tional Index of Erectile Function (IIEF) questionnaire 
has been helpful in the assessment of men with 
urethral stricture of various causes. Erickson and 
colleagues®* reported on a prospective analysis of 
52 men who underwent urethroplasty for anterior 
urethral stricture disease. Thirty-eight percent 
(20/52) of patients experienced worsened erectile 
function after surgery. At 6 months following ure- 
throplasty, 90% (18/20) of these men recovered their 
preoperative level of sexual function. Ejaculatory 
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function also seems to be preserved following ure- 
throplasty for anterior urethral stricture disease of 
various causes. Prospective use of the Male Sexual 
Health Questionnaire has shown that 89% (38/43) of 
men report stable or improved ejaculatory function 
after surgery.®* Ejaculatory function has not been 
evaluated in men with radiation-induced urethral 
stricture diseases. Doppler ultrasound may prove 
useful to assess penile blood flow before urethro- 
plasty for stricture disease, but its usefulness to 
assess erectile function in patients with radiation 
injury to the lower urinary tract remains unknown. 
The impact of lower urinary tract reconstruction on 
sexual function in men with radiation-induced BNC 
or RUF remains to be studied. 


URETHRAL STRICTURE SURGICAL 
RECONSTRUCTION 


Dilation and endoscopic incision of urethral stric- 
ture caused by radiation is often reported with 
high success in the radiation oncology literature, 
although there is a paucity of data on long-term 
follow-up and recurrence following these endo- 
scopic options. '?:2°% A limited number of studies 
have specifically addressed outcomes following 
urethroplasty in men with urethral stricture forma- 
tion after radiation therapy. 

The first report on reconstructive outcomes in 
men with radiation-induced urethral stricture dis- 
ease focused on a small single-center series that 
showed that excision and primary anastomosis 
(EPA) was effective for strictures less than 2 cm in 
6 of 7 patients. One patient who underwent a genital 
skin fasciocutaneous flap for a stricture less than 
2 cm recurred. Time to recurrence, incontinence, 
and sexual function outcomes were not reported 
in this study. 

A retrospective, multiinstitutional study reported 
on the follow-up of 30 patients who underwent 
reconstructive repair of urethral strictures following 
radiation therapy for prostate cancer. The study 
population consisted of 15 men (50%) treated 
with EBRT alone, 7 men (24%) treated with BT 
alone, and 8 patients (26%) treated with combined 
EBRT and BT. All of the urethral strictures were in 
the bulbomembranous urethra, averaging 2.9 cm 
in length with a range of 1.5 cm to 7 cm. EPA was 
used in 24/30 (80%) patients with an average stric- 
ture length of 3 cm. The remaining repairs con- 
sisted of genital fasciocutaneous skin flap use in 
4/30 (13%) and buccal graft onlay in 2/10 (7%) 
patients, with an average stricture length of 
4.3 cm. A total of 27% (9/30) of the patients in this 
series recurred at a mean of 5.1 months and 2 
required balloon dilation. No patients required 
eventual urinary diversion. The new onset of 


incontinence was seen in 50% (15/30) of men, 
and resolved in 3/30 (10%). An artificial urinary 
sphincter (AUS) was placed in 4/30 (13%) men. 
Erectile function was preserved in the men who 
reported normal preoperative function.© 

Inthe largest reported single series to date, Glass 
and colleagues®’ retrospectively reported on a 
total of 29 men with urethral stricture formation 
following radiation treatment of prostate cancer. 
Eleven patients treated with EBRT alone (38%) 
were included; radical prostatectomy followed by 
adjuvant EBRT, 7 (24%); combined EBRT/BT in 7 
(24%); and BT alone 4 (14%). The average stricture 
length was 2.6 cm in the series, with location iden- 
tified in the bulbar urethra, 12/29 (41%); membra- 
nous urethra, 12/29 (41%); bladder neck, 3/29 
(10%); and panurethral, 2/29 (7%). EPA was per- 
formed in 22/29 (76%) patients, whereas 5/29 
(17%) underwent substitution urethroplasty with 
buccal graft, and 2/29 (7%) with fasciocutaneous 
flap onlay. One EPA, 1 buccal graft, and 1 fasciocu- 
taneous flap onlay case each recurred for an overall 
series success rate of approximately 90%. The new 
onset of urinary incontinence was reported in only 2 
patients (7%) with 1 patient opting for an AUS to 
manage urinary incontinence. Erectile function 
was not reported before or after surgery. 

Although limited in patient number and design, 
these studies show acceptable success rate with 
EPA in patients undergoing urethroplasty for short, 
proximally located, radiation-induced urethral 
strictures. Substitution urethroplasty seems to be 
most effective for anatomically more distal stric- 
tures in the bulbar or penile urethral and those of 
greater length. Longer follow-up is needed to 
assess the durability of these outcomes. 

The technical approach for radiation-induced 
urethral stricture disease is similar to that for other 
causes. For proximally located stricture disease, 
the patient may be placed in the exaggerated or 
dorsal lithotomy position for perineal exposure of 
the urethra to the level of the prostate. Mobilization 
of the urethra off the corpora cavernosa to the 
proximal penile urethra is often necessary to 
achieve a tension-free anastomosis. Other exten- 
sive maneuvers such as splitting the corpora cav- 
ernosa or removal of the pubic bone have been 
described but are rarely necessary.® 

Complete scar excision to the level of the pros- 
tatic apex is often necessary in patients with bul- 
bomembranous stricture disease. At times, the 
ability to place sutures in the apex of the prostate 
for a primary anastomosis with the bulbar urethra 
may be limited with standard needle drivers. Use 
of the Capio device (Boston Scientific) can assist 
in placing these proximal sutures at the desired 
depth (Fig. 5). The device was originally designed 


Fig. 5. The Capio device with a preloaded suture. 


for placement of sutures in complex female urol- 
ogy procedures. The curve of the Capio device 
makes it ideal for passing suture at an oblique 
angle, and is superior to other suture-passing de- 
vices used in laparoscopy that only pass suture at 
a right angle. With these maneuvers it is possible 
to properly place sutures into the mucosa of the 
apical prostate to create a watertight anastomosis 
with the bulbar urethra. 


BLADDER NECK RECONSTRUCTION 


BNC after radiation therapy has unique consider- 
ations of management compared with BNC 
following radical prostatectomy. The patients un- 
dergoing radiation therapy who develop BNC often 
cannot tolerate a suprapubic tube and are at high 
risk of bladder instability as well as low bladder ca- 
pacity. There are limited data on outcomes 
following open reconstruction for recalcitrant 
BNC in men with a history of radiation for treatment 
of prostate cancer. The reconstructive approaches 
and outcomes following BNC of various causes, 
including radiation therapy, are summarized in 
Table 1. For bladder neck reconstruction following 
primary radiation therapy for prostate cancer, 
salvage prostatectomy (SP) can be considered for 
reconstructive therapy following failure of endo- 
scopic management. Mundy and Andrich°? re- 
ported on 9 patients undergoing SP for BNC that 
resulted in 3 patients developing recurrent BNC 
and 1 patient requiring an AUS for management 
of incontinence. For patients undergoing open SP 
for biochemical recurrence after radiation therapy, 
the de novo BNC formation rate was 41% following 
surgery in one large single-center study.*° Robotic 
SP is also feasible and may have less morbidity 
than open SP with a BNC incidence of 9%.° 
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Almost all patients in both the open and robotic 
SP series developed some degree of urinary incon- 
tinence, with only 30% regaining continence at 
3 years in the open SP series.*°:© In men with pre- 
operative sexual potency, approximately 30% re- 
mained potent in both the open SP and the 
robotic SP series.*°-°° 

In the setting of a recalcitrant BNC following 
radical prostatectomy with adjuvant EBRT, the 
reconstruction of a patent vesicourethral anasto- 
mosis may involve a combined abdominoperineal, 
abdominal, or a perineal approach. Reconstructive 
surgery is best considered only after multiple failed 
attempts at endoscopic management including 
cold or hot knife incision, laser ablation, dilation, 
limited transurethral resection, or failed urethral 
stent placement. Early reports of open reconstruc- 
tion involved a combined abdominoperineal 
approach that used pubectomy, and the use of 
omentum or rectus muscle to support a primary 
anastomosis or a penile fasciocutaneous flap for 
onlay over the stricturotomy.’””' Subsequent larger 
series described reconstruction using a combined 
open abdominal or perineal approach along with 
endoscopic techniques to reduce overall operative 
time and morbidity.” Outcomes in these series 
were variable and no standardization of approach 
for these patients has been established. 

In those men with a lengthy BNC following 
radical prostatectomy and radiation, an abdomi- 
noperineal approach is an effective reconstructive 
option. Often a transpubic approach is performed 
to access the stenosed section of the bladder 
neck and membranous urethra. A perineal ap- 
proach is used to obtain access to the bulbar ure- 
thra for mobilization and eventual anastomosis. 
The primary advantage of this combined approach 
includes the ability to excise all diseased tissue to 
create a tension-free primary anastomosis in an 
irradiated field compared with a perineal or trans- 
pubic approach alone (Fig. 6). 

A transpubic approach can be used for limited 
BNC to preserve the urethral sphincter and conti- 
nence. Complete or partial pubectomy is per- 
formed to obtain access to the bladder neck with 
limited mobilization of the urethra and bladder to 
avoid extensive tissue damage or rectal injury in 
the radiated field. In the author’s experience, the 
use of an anterior bladder wall advancement flap 
has proved successful to augment BNC of up to 
3 cm (Fig. 7). Pfalzgraf and colleagues”? reported 
a series of 20 men treated for BNC after prostatec- 
tomy with an intact external urethral sphincter. A 
retropubic approach and use of a Grunewald 
retractor to assist in the placement of anastomotic 
sutures for a primary anastomosis was used in all 
patients. An initial patency rate of 60% was 
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Table 1 
Outcomes of reconstruction for recalcitrant BNC 


# 


Postoperative 
Urinary 
Incontinence 


Tissue 


Interposition Patency 


Study Patients Approach Cause (N) (N) (%) (%) 


Schlossberg 2 
et al,”? 
1995 


Abdominoperineal 


RRP (2) 


Omental flap 100 0 


(2) 


Wessells Abdominoperineal 
et al,” (1) 
1998 Transpubic (2) 
Perineal (1) 


Mundy 


Retropubic SP (9) 
et al,” 


2012 


Pfalzgraf 
et al,’2 
2011 


Simonato 
et al,7? 
2012 


Retropubic (VUA) 


Perineal (VUA) 


RRP (1) 
SP (1) (1) 
RPP (2) 


(9) 


Omental flap 100 


Penile skin 
flap (1) 
Rectus flap 

(1) 


EBRT4 0 


RRP (20) 


LRP (3) 
RRP (8) 


Abbreviations: LRP, laparoscopic radical prostatectomy; RRP, radical retropubic prostatectomy; SP, salvage prostatectomy; 


VUA, vesicourethral anastomosis. 


achieved, with additional endoscopic resection 
increasing the patency rate to 95%. Urinary incon- 
tinence was reported at 33% following successful 
repair. 


RECTOURETHRAL FISTULA REPAIR 


Postsurgical RUF in the absence of radiation ther- 
apy is rare, with an incidence of less than 1% after 
radical prostatectomy.’* If surgical repair is war- 
ranted after a trial of conservative therapy, less 


invasive approaches may be used, such as a 
transanal or transanosphincteric approach, with 
success rates approaching 100%. These opera- 
tions are performed in the prone position with pri- 
mary closure of the prostatic and rectal defect as 
well as mucosal advancement flaps.6%7576 In 
contrast, radiation-induced RUF mostly does not 
respond to conservative methods and more often 
requires reconstruction and tissue interposition 
for successful resolution.’” Urethral stricture and 
BNC are present concomitantly in 28% of patients 


Fig. 6. (A) RUG of lengthy BNC after radical prostatectomy and adjuvant EBRT. (B) Perineal approach to mobilize 
the urethra. (C) Transpubic approach to resect contracture and complete the anastomosis of the bulbar urethra 


and bladder neck. 


Reconstruction of Radiation-induced Injuries 


A <= 


Fig. 7. (A) Urethrotomy of a BNC. (B) Anterior bladder wall advancement flap for closure of the urethrotomy. 


with RUF following radiation therapy, which further 
complicates surgical repair in this cohort.°° 

Approaches for the repair of radiation-induced 
RUF consist of transanal, transanosphincteric, 
transperineal, and abdominal techniques. In the 
setting of a radiation-induced RUF, reconstructive 
considerations include initial fecal and urinary 
diversion, adequate exposure of the fistula, the 
use of well-vascularized tissue for interposition, 
and repair of concomitant disorders of the urethra 
and rectum. The likelinood of success is subject to 
the experience of the surgeon(s) involved. Large 
studies specifically addressing approaches and 
outcomes after reconstruction for radiation- 
induced RUF formation are limited in number, 
with some outcome variables not fully available 
(Table 2). 

Less invasive techniques more commonly used 
for uncomplicated RUF have limitations that make 
repairs with this approach technically difficult or 
inadequate for radiation-induced RUF. A transanal 
approach is discouraged for radiation-induced 
RUF repair because of limited exposure and inability 
to access the lower urinary tract other than the pros- 
tate for repair. A transanosphincteric (York-Mason) 
approach allows for better exposure of the RUF 
with limited permanent damage to the anal sphinc- 
ter. This approach also provides adequate space 
forthe use of tissue interposition with gracilis muscle 
flaps, rectal advancement flaps, and multilayered 
closure. However, similar to the transanal approach, 
larger or complex defects are challenging with the 
transanosphincteric approach, because strictures 
of the bulbar and membranous urethra often cannot 
be fully exposed and repaired.°? 

The transperineal approach is most commonly 
used for management of large, complex RUF asso- 
ciated with radiation treatment.°°59 78 Advan- 
tages of this approach include wide exposure for 
large fistulae and the ability to address concomitant 
disorders of the rectum and urethra. Tissue 


interposition for large defects of the urethra can 
be performed adequately with graft of flap, and 
the ability to interpose gracilis flaps is readily avail- 
able. Small rectal defects can be repaired directly 
with primary closure. An abdominoperineal resec- 
tion with staged coloanal anastomosis can be 
used if the tissue of the rectum is not adequate for 
primary closure or a rectal stricture is present.°? 

An abdominal approach is not commonly used, 
but it can be used in the setting of a RUF after ra- 
diation therapy that necessitates SP in the same 
setting as repair. This approach does not allow ac- 
cess to the anterior urethra or distal rectum, which 
necessitates perineal exposure for concomitant 
anterior urethral stricture or RUF not located in 
the prostatic urethra. The use of omentum and 
peritoneum can be used with this approach to 
interpose this tissue between the rectal repair 
and vesicourethral anastomosis.°° 

Long-term quality of life (QOL) and functional 
outcome of the fecal and urinary systems after 
complex RUF repair have only recently been 
addressed in the literature. Samplaski and col- 
leagues”? presented the results of 12 patients 
who completed symptom-specific QOL question- 
naires concerning urinary and fecal outcome 
following successful transperineal repair of a com- 
plex RUF repair with gracilis muscle interposition. 
RUF cause was radical prostatectomy in 4 (33%), 
BT alone in 3 (25%), combined EBRT and BT in 3 
(25%), cryoablation in 1 (~8%), cryoablation and 
EBRT in 1 (~8%), and imperforate anus in 1 
(~8%) The fecal function impact on patient QOL 
was generally better than urinary function. Only 4 
of 12 (25%) patients who had fecal incontinence 
were managed with adult diapers and did not report 
significant social embarrassment. In contrast, 9 of 
12 (75%) patients reported some degree of urinary 
incontinence, with 4 (83%) having significant 
stress-related incontinence and 4 (83%) having 
significant urge-related incontinence. Only 2 
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Table 2 
Outcomes after reconstruction for RUF following radiation therapy 


Tissue 
Study # Patients Approach (N) Cause (N) Interposition (N) Recurrence (%) 
Hadley et al,°° 7 Transanosphincteric BT+EBRT (7) Gracilis flap (1) 57 
2012 
Mundy et al,” 17 Abdominal SP (8) 
2011 Perineal (3) 
Abdominoperineal 
(6) 
Lane et al,?? Transanal (2) 
2006 Perineal (11) 


BT (3) 
EBRT (4) 
BT+EBRT (10) 


Omentum (15) 
Gracilis (2) 


BT (5) 
EBRT (2) 
BT+EBRT (6) 


Vanni et al,>9 Perineal BT (13) 

2010 EBRT (7) 

BT+EBRT (12) 
BT+EBRT+CT (1) 
EBRT+HIFU (1) 
EBRT+CT (1) 
BT+HIFU (1) 
MT (1) 
EBRT+ CT (1) 
EBRT+TA (1) 
BT+EBRT (3) 
BT (1) 


100 Transanal, 
0 Perineal 


Omentum (2) 
Gracilis flap (7) 


Gracilis flap (37) 16 
Gluteal flap (1) 
Singapore flap (1) 


Elliot et al,®° Transanal (1) 
2006 Abdominal (1) 
Perineal (4) 


Dartos flap (1) 16 


Abbreviations: CT, cryotherapy; MT, microwave therapy. 


patients reported the incontinence as having a sig- 
nificant impact on QOL. 

A similar study evaluated QOL in 25 patients 
following successful transperineal repair with gra- 
cilis muscle flap interposition for complex RUF.’® 
RUF cause was radical prostatectomy in 8 
(32%), radical prostatectomy plus EBRT in 8 
(32%), EBRT plus BT in 4 (16%), EBRT alone in 3 
(12%), and cryotherapy in 2 (8%). The patients 
completed a questionnaire concerning QOL, ad- 
dressing urine and bowel function. Postoperative 
urinary continence was reported in 13 (62%) pa- 
tients. An additional 5 (20%) patients required an 
AUS for a total of 18 (72%) reporting urinary conti- 
nence. Regarding bowel function, 2 (8%) reported 
fecal incontinence, with 1 patient requiring neuro- 
modulation and an artificial bowel sphincter. Three 
patients (12%) underwent permanent bladder and 
bowel diversion with an Indiana pouch and perma- 
nent colostomy. Although these two studies were 
of complex RUF of several different causes 
including radiation therapy for prostate cancer, 
the long-term success as gauged through QOL 
questionnaires of transperineal repair with gracilis 
muscle interposition was high. There are limited 
studies to conclude that RUF secondary to radia- 
tion therapy should be repaired with a specific 
approach. Nonetheless, the perineal approach 


with gracilis interposition seems to have a high suc- 
cess of fistula closure as well as acceptable post- 
operative QOL concerning bowel and urinary 
function. 


SUMMARY 


Radiation-induced injury of the urinary tract is a 
complex issue that can lead to debilitating 
morbidity for the patient. Because of the small 
number of studies available addressing urethral 
stricture, BNC, and RUF, a consensus on the man- 
agement and treatment algorithm has yet to be 
determined. Nonetheless, available studies indi- 
cate that successful reconstruction of these com- 
plex lower urinary tract injuries after radiation 
therapy can be performed. 
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KEY POINTS 


e Shunt surgery is not universally successful toward detumescence, may lead to erectile dysfunction, 
and can make eventual penile prosthesis insertion difficult. 

e Penile prosthesis insertion during a priapistic episode alleviates ischemic pain, allows the patient to 
resume sexual function sooner, and prevents corporal scarring and shortening that makes subse- 


quent prosthesis implantation difficult. 


INTRODUCTION 


Priapism is defined as a full or partial erection that 
continues more than 4 hours beyond sexual stim- 
ulation and orgasm or is unrelated to sexual 
stimulation. Two broad, cause-derived categories 
guide management strategies. Ischemic (or 
veno-occlusive, low-flow) priapism warrants im- 
mediate intervention, whereas nonischemic (arte- 
rial, high-flow) priapism does not. 

The erection in ischemic priapism is marked by 
profound, unremitting venous congestion that cre- 
ates a compartment syndrome that ultimately pre- 
vents arterial inflow. Corporal blood gas studies 
have shown that ischemia and acidosis can occur 
within 6 hours of a priapism episode.’ Although 
erectile dysfunction rates approach 25% to 50% 
in patients with ischemic priapism, those with an 
episode greater than 24 hours typically face inva- 
sive shunt procedures, prolonged pain, and a 
90% risk of subsequent erectile dysfunction.2~+ 

The delayed sequelae of prolonged ischemia 
and acidosis frequently result in corporal fibrosis 
and penile shortening. Therefore, placement of 
the prosthesis in the acute setting is easier than 
delayed implantation. In patients with prolonged 
episodes of acute priapism, early implantation 


alleviates ischemic pain, allows the patient to 
resume sexual function sooner, and prevents the 
corporal scarring and shortening that makes 
subsequent prosthesis implantation difficult. 


PATIENT EVALUATION OVERVIEW 


When the persistent erection is accompanied by 
pain, ischemia should be suspected, because 
nonischemic priapism is generally not painful. A 
careful history may reveal predisposing factors, 
such as sickle cell hemoglobinopathy (or other 
hematologic conditions), neurologic disease, or 
pharmacologic reasons for the erection. Pelvic 
and perineal trauma can result in nonischemic 
priapism. 

On physical examination, inspection and palpa- 
tion reveal rigid corpora cavernosa, with soft 
corpus spongiosum and glans tissues. Laboratory 
testing can detect hematologic abnormalities, and 
in African American men without a known history 
of sickle cell disease, a sickle cell preparation 
and hemoglobin electrophoresis should be ob- 
tained. Corporal blood gas analysis can differen- 
tiate ischemic from nonischemic priapism, with 
ischemic blood revealing acidosis, hypercarbia, 
and hypoxia. 
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PHARMACOLOGIC TREATMENT OPTIONS 


Initial therapy involves corporal aspiration, irriga- 
tion, and injection of a-adrenergic agonists, with 
the intent of relaxing the smooth muscle and re- 
establishing arterial inflow, venous drainage, and 
subsequent detumescence. This approach is 
highly effective, especially in cases of less than 
24 hours’ duration.>° 

When priapism is not effectively treated in a 
prompt manner, irreversible fibrosis develops. 
Thus, up to 25% of patients with priapism experi- 
ence chronic erectile dysfunction.’ Irreversible 
fibrotic changes occurring after 48 hours stem 
from smooth muscle cell necrosis within the 
corpora cavernosa and subsequent transforma- 
tion into fibroblastlike cells.° The corporal scar- 
ring is irreversible and leads to permanent erectile 
dysfunction that is refractory to medical manage- 
ment and renders delayed surgical placement of 
a penile prosthesis technically challenging. 


SURGICAL TREATMENT OPTIONS 


For priapism that is refractory to medical manage- 
ment, corpora-spongiosal shunts are usually per- 
formed.'°"1 There is no general consensus on 
the management of refractory or delayed cases 
of ischemic priapism. Immediate insertion of a 
penile prosthesis is an emerging, effective thera- 
peutic concept in the urological armamentarium. 


HISTORICAL PERSPECTIVE ON PROSTHETIC 
IMPLANTATION 


Most initial reports and series for prosthetic inser- 
tion for priapism have involved patients with sickle 
cell trait, delayed and/or recurrent presentation, or 
failure of previous shunt surgeries. Early reports 
describe the use of semirigid devices, which 
were theoretically superior to inflatable devices 
due to the need to overcome significant corporal 
rigidity.1®13 Surgeons encounter technical chal- 
lenges with the procedure because of the fibrosis, 
necessitating corporal tunneling and excavation, 
with high risk for further interventions. 14 


EARLY IMPLANTATION 


In 1996, Monga and colleagues? introduced the 
concept of managing potency and recurrence in 
sickle cell patients with “early” implantation. 
Rees and colleagues’ effectively managed 8 pa- 
tients with ischemic priapism of a mean duration 
of 91 hours with the insertion of either malleable 
or inflatable devices. Four (50%) of the patients 
had failed previous shunts. Only one failure 
was reported, with penile deformity caused by 


compression of an inflatable cylinder by fibrosis, 
leading the authors to conclude that a semirigid 
device was best used as a temporizing measure, 
thereby preserving penile length and corporal 
patency until an inflatable device can be offered. 


COMPLICATIONS 


Immediate implantation of a penile prosthesis is 
not without its risks. In one series, infections 
occurred in 6%." In the same series, 12% under- 
went elective exchange for inflatable penile pros- 
thesis; other revision procedures were needed in 
12%, and 6% had impending distal erosion of the 
malleable device requiring replacement with an 
inflatable device. An important factor in outcomes 
is the use of surgical interventions before device 
implantation. It is accepted that ischemic priapism 
that does not respond to medical therapy should 
be treated with a shunt, and the 2003 American 
Urological Association Guidelines recommend 
reserving shunt procedures until after an adequate 
attempt to treat with sympathomimetic injec- 
tions.'” By compromising corporal integrity, such 
interventions may expose patients to increased 
risk of complications, from the shunt procedure it- 
self or if immediate prosthetic insertion is offered. 

Apical shunts for ischemic priapism would seem 
to increase the risk of apical perforation during 
corporal dilation and subsequent prosthesis extru- 
sion. However, in a series of 12 patients who 
presented with prolonged ischemic priapism, 11 
of whom had undergone unsuccessful shunt sur- 
gery, Salem and Aasser reported successful im- 
mediate insertion of malleable prostheses in all 
patients, with only one unilateral corporal perfora- 
tion that was managed intraoperatively.2 They 
avoided distal protrusion by fixing the cylinders 
to the edges of the tunicae albuginea with nonab- 
sorbable sling sutures at the site of the corporot- 
omy. With a mean follow-up of 15 months, all 
patients were satisfied and there were no distal 
erosions noted. Sedigh and colleagues? reported 
5 patients who had failed distal shunt surgery 
and underwent immediate insertion of inflatable 
devices, and all patients had acceptable out- 
comes. All 5 experienced a decrease in penile 
sensitivity that resolved at 3 months, and all were 
satisfied with the results of surgery based on Inter- 
national Index of Erectile Function Questionnaire-5 
answers (mean value of 4). 


TIMING OF SURGERY 


There is no consensus on appropriate timing of 
penile prosthesis insertion, and one must weigh 
this factor carefully given the irreversible nature 


of the therapy. Most authors agree that irreversible 
corporal damage occurs within 24 to 48 hours of 
ischemic priapism, with eventual, unavoidable 
erectile dysfunction. Immediate insertion of a 
penile prosthesis should be discussed with these 
patients, given the benefits to sexual function, 
penile length, and surgical technique. Some au- 
thors suggest a delay of 1 week to appropriately 
counsel patients and allow for better understand- 
ing, but the delay should not exceed 20 days, as 
the patients who delayed experienced an average 
penile shortening of 3.5 cm due to severe fibrosis, 
and the implantations were significantly more 
difficult.? 

Moreover, one may question the need for shunt 
altogether in select cases. Shunt surgery, although 
an integral component of the treatment algorithm, 
has a high failure rate with long-term conse- 
quences. Nixon and colleagues'® found that nearly 
50% of patients undergoing initial shunt surgery 
required additional procedures to achieve detu- 
mescence, with 90% reporting significant erectile 
dysfunction. In patients with prior episodes of 
erectile dysfunction or medical comorbidity, such 
as sickle cell disease, failure of aspiration and irri- 
gation may warrant prosthetic placement, given 
the recurrent nature of the disease process.'9 
Conversely, the authors have observed that the 
long corporotomies performed during acute inser- 
tion of prosthetic cylinders function impressively 


Fig. 1. Incision of corporal cavernosa with outflow of 
ischemic blood. 


Penile Prosthesis Insertion for Acute Priapism 


Fig. 2. Removal of old clot. 


as an immediate surgical shunt, leading promptly 
to healthy arterial inflow. 


SURGICAL TECHNIQUE 


A 2-in longitudinal penoscrotal incision is made— 
this is longer than the incision normally used 
for penile implant insertion because a longer cor- 
porotomy is required to insert the prosthesis. 
Patients with ischemic priapism often have signif- 
icant edema of the penile skin, from both the 
disease process and the efforts of corporal irriga- 
tion. An incision in the scrotum instead of on the 
penis avoids the edematous penile skin and is a 
less apparent scar. Blunt dissection is performed 


Fig. 3. Arterial blood return. 
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Fig. 4. Placement of malleable penile prosthesis— 
note that the device is deliberately undersized by 
1 cm, extending only to the coronal sulcus. 


to reveal the corporal bodies. A self-retaining ring 
retractor system is used for exposure. Traction su- 
tures with 2-0 polydioxanone are placed on the 
corporal bodies—the authors use 3 paired traction 
sutures on each corpora. An incision is made on 
the corpora (Fig. 1), with return of clotted blood. 


Medical therapy 


Failure? 


Insert malleable 
prosthesis 


Management algorithm for acute ischemic priapism. 


Ischemic priapism 


Sickle cell disease or underlying 
disorder? 


Fig. 5. Corporotomy closure. 


Manual compression of the penis may be per- 
formed to remove the clot (Fig. 2). Corporal dila- 
tion is performed, being especially careful if a 
shunt had been performed distally. Dilation results 
in the return of bright red, arterial, blood flow 
(Fig. 3). The corporotomies and wound are irri- 
gated with antibiotic irrigation. A semirigid penile 
prosthesis is placed (Fig. 4)—it is essential not to 


No 


Corporal aspiration, 
irrigation, phenylephrine 


Pre-existing erectile dysfunction? 
Delayed presentation? 
Failure of previous shunt procedure? 


Repeat distal shunt or 
proximal shunt 


size the cylinder length aggressively as one would 
normally do for inflatable device insertion; the 
authors measure the corporal length only to the 
coronal sulcus, deliberately undersizing by 1 cm. 
Traction sutures are then tied together to close 
the corporotomy (Fig. 5). The authors often prefer 
a 9-mm cylinder diameter in many cases because 
of the potential difficulty closing the corporotomy 
due to surrounding congestion and fibrosis. The 
incision is closed in multiple layers with absorb- 
able suture. It is the authors’ practice not to leave 
drains. 


SUMMARY 


A reasonable option for treatment of prolonged or 
refractory ischemic priapism is early implantation 
of a penile prosthesis, with the advantages of pres- 
ervation of sexual function, prevention of penile 
shortening, and relative procedural ease. Timing 
of the procedure is controversial and warrants 
careful patient counseling regarding the risks, ben- 
efits, level of motivation for subsequent sexual ac- 
tivity, and expectations of any treatment decision. 
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Advances in Diagnosis and 
Management of Genital Injuries 


Andrew J. Chang, MD*, Steven B. Brandes, MD 
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KEY POINTS 


e External genital trauma is uncommon and rarely life-threatening but warrants prompt evaluation for 


proper management. 


e The treating physician should have a high index of suspicion when evaluating genital trauma. 
e A missed diagnosis can lead to undue, long-term morbidity. 
e The treating physician should be selective in obtaining imaging studies based on mechanism of 


injury and presenting symptoms. 


e The primary goal of reconstructive surgery is to preserve tissue, cosmesis, and function. 


INTRODUCTION 


External genital trauma is uncommon but can 
cause devastating long-term physical, psycholog- 
ical, and functional quality-of-life consequences. 
Therefore, the treating physician must be able to 
diagnose the injury in a timely fashion and be 
knowledgeable of principles of delayed recon- 
struction. In the civilian population, genital trauma 
is roughly 45% penetrating, 45% blunt, and 10% 
burns and industrial accidents.’ The most impor- 
tant objective of management is preserving genital 
function and cosmesis, while minimizing long-term 
sequelae. 


GENITAL AND PERINEAL BURNS 


Burns of the genitalia and perineum require re- 
ferral to a burn center, are rarely isolated, and typi- 
cally involve other areas of the body. The genitalia 
alone only comprise 1% of total body surface area 
(TBSA), and studies have demonstrated an 
average TBSA of 21% to 56% for all patients 
with perineal burns.? Initial management of peri- 
neal burns is removal of all clothing, rapid and 


Disclosures: None. 


aggressive fluid and electrolyte replacement, and 
Foley or suprapubic tube placement to monitor 
sufficient urine output. Evaluation includes a com- 
plete physical examination, laboratory evaluation 
with urinalysis, tetanus prophylaxis, intravenous 
antibiotics, and an estimate of extent and depth 
of the burn (TBSA) involved. Burns should be 
treated according to the mechanism of injury and 
depth of injury.! Genital burns demand very close 
observation and admission to an intensive care 
unit or burn unit. 


BURN CLASSIFICATION/DEPTH OF BURN 


First-degree burns affect the epidermis only and 
are characterized by pink color, with minimal histo- 
logic damage, but significant pain. First-degree 
burns usually do not have long-term scarring. 
Second-degree burns are divided into superficial 
partial thickness and deep partial thickness. Su- 
perficial partial-thickness burns involve the ep- 
idermis and the papillary dermis and present as 
pink, moist, tender skin with thin-walled blisters. 
Deep partial-thickness burns include the reticular 
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dermis and present with mottled red and blanched 
white skin with thick-walled blisters and tender 
skin. Third-degree burns are full-thickness burns 
that destroy the epidermis and the entirety of the 
dermis. Third-degree burns are characterized by 
a waxy-white or black, dry skin that is insensate.° 


THERMAL BURNS 


Thermal burns of the genitals are caused mainly by 
flame, but also by boiling water or grease (with 
scald). Genital burns are typically first-degree 
and second-degree burns that can be treated 
without debridement and require only a topical 
antimicrobial ointment, usually 1% silver sulfadia- 
zine. Genital third-degree burns should be treated 
with prompt surgical intervention, as conservative 
management only leads to increased incidence of 
infection, longer recovery time and hospital stays, 
and burn scar contracture. 

Third-degree burns to the scrotum should be 
promptly débrided of all nonviable tissue and 
then immediately skin grafted. With immediate 
treatment, infection is usually not an issue and 
there is no reason for delay in scrotal reconstruc- 
tion with thigh pouch creation. 

The penile skin is very thin and thus vulnerable 
to full-thickness, third-degree burns. Should this 
occur, the nonviable skin should be sharply 
débrided; the wound should be primarily closed, 
and skin should be grafted to the denuded site 
(Fig. 1). For circumferential penile injury, severe 
lymphatic obstruction and lymphedema can 
occur, so all skin distal from the injury site to the 
subcorona should be excised. Owing to the 
tremendous vascularity, burns to the glans usually 
do not need debridement unless it is clearly 
necrotic.® Patients with third-degree burns to the 


Fig. 1. Third-degree genital burn to the penis, 
scrotum, and inner thigh with meshed split-thickness 
grafts to cover the denuded area. 


glans or the ventral shaft of the penis should 
have suprapubic tubes rather than Foley cathe- 
ters. Foley catheters can cause pressure necrosis, 
resulting in severe hypospadias due to anterior 
urethral slough, especially when left in a depen- 
dent position. 

Thermal burns have the potential for long-term 
sequelae by urethral slough, urethral stenosis, 
and eventually scar contracture at 3 to 6 months 
postinjury. These wounds are managed with sur- 
gical release and skin grafts. 


CHEMICAL BURNS 


Chemical burns should be managed with imme- 
diate removal of any clothing and aggressive 
flushing with copious amounts of sterile water. 
However, do not peel off adherent clothing. Dura- 
tion of exposure and concentration of the chemical 
are directly proportional to the extent of the injury. 
Searching for neutralizing agent is not necessary, 
as time is of the essence for these patients; most 
are best served with sterile water irrigation. 


ELECTRICAL BURNS 


Electrical burns can be devastating, as the de- 
gree and the depth of the burn can be deceiving. 
The damage is often beyond what is obviously 
visible on the surface and an extensive explora- 
tion of the deep and surrounding structures are 
warranted to evaluate the extent of the injury. A 
thorough workup for electrical burns include ex- 
amination for any related bladder, rectum, pelvic 
organ, or skeletal damage by cystoscopy, sig- 
moidoscopy, vaginal speculum examination (if 
applicable), and pelvic radiograph. Urinalysis 
must be obtained for hemoglobinuria and myo- 
globinuria, as their presence can cause acute 
renal damage. When present, management 
should include aggressive hydration along with 
urine alkalization. Moreover, as cardiac arrhyth- 
mias and arrests have been known to be caused 
by electrical injuries, cardiac monitoring is also 
warranted. These burns can be managed in the 
same manner as a thermal burn, with prompt 
debridement, primary wound closure, and skin 
grafting. However, these burns are unique in 
needing additional debridement, often because 
of the extended damage. With serial debride- 
ments, these wounds can be eventually covered 
with skin grafts, without additional complications. 
At times, the debridement can be extensive, and 
bone or major vasculature is exposed in the 
wound. Myocutaneous flaps for coverage may 
be necessary at that point. 


ANIMAL AND HUMAN BITES 


Animal bites to the external genitalia are rare. Dog 
bites are the most common cause of injury and 
children are the most common victims. Initial man- 
agement should include copious irrigation with sa- 
line and providone-iodine solution, debridement, 
broad spectrum antibiotic prophylaxis, tetnus- 
rabies immunizations (when appropriate), and 
immediate/early closure of wound. Infections after 
dog bites are rare, but treatment is sought soon 
after the event.” Recommended antibiotic thera- 
pies include B-lactam antibiotics with B-lactamase 
inhibitor (eg, amoxicillin-clavulanate), second- 
generation cephalosporins (eg, cefotetan, cefoxi- 
tin), or clindamycin with fluoroquinolones.® 

Most human bite victims seek medical care after 
substantial delay and are more likely to present 
with gross infection of their wound than with a 
dog bite. Human bites are contaminated wounds 
that should never be closed primarily. Empiric anti- 
biotic therapy of choice includes amoxicillin- 
clavulanate or moxifloxacin.® 


SCROTAL DEGLOVING INJURIES 


Due to the pendulous nature of the male genitalia 
and the laxity of the covering skin, the scrotum 
has tremendous capacity to resist injury. The 
skin, however, remains vulnerable to degloving in- 
juries (Fig. 2). In the past, most degloving injuries 
were caused by agricultural (“power takeoff”) and 
manufacturing machinery, but the incidence has 
decreased considerably with improved safety 
measures. Most present-day genital skin avulsion 
is due to motorcycle or bicycle accidents. 
Avulsion injuries are usually along the fascial 
planes, often torn free without damage to the un- 
derlying tunica vaginalis or dartos fascia. The 
scrotal skin is very compliant, redundant, and 


Fig. 2. Extensive scrotal skin loss following a deglov- 
ing injury. 
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elastic and so defects with up to even 60% 
skin loss can be primarily closed.'' To help pre- 
vent scrotal bleeding/nematoma after injury, a 
2-layered closure of the deep fascia and skin is 
performed with an interlocking, running, absorb- 
able suture. A scrotal drain after repair is controver- 
sial because resultant scrotal hematomas are 
usually in the interstitium of the skin and are not 
hematoceles.'* However, if hemostasis is not 
possible or the patient has a coagulopathy, either 
a Penrose drain or a closed suction drain (eg, a 
Blake drain) is recommended. An antibacterial 
gauze dressing, such as xeroform, with fluff gauze 
and a compressive scrotal support should be 
placed to promote comfort and to facilitate healing. 

If blunt traumatic scrotal skin loss is extensive 
(greater than 60%), several options are available 
for coverage. Repair should be performed without 
delay if the injury to the scrotum is not contami- 
nated. Local skin flaps are all preferred options 
for coverage. When additional coverage is needed, 
split thickness skin grafting is the repair of choice, 
because it yields excellent cosmetic and functional 
outcome (Fig. 3).'° Other ancillary measures in- 
clude autologous skin grafts and tissue expanders. 
To begin the procedure, the testicles and cords are 
sutured together in the midline with multiple 3-0 
polyglactin (Vicryl; Ethicon, Somerville, NJ, USA) 
sutures to create a singular structure, to ease skin 
grafting. The thick split-thickness skin graft is 
then harvested with a dermatome at 15 to 18 


Fig. 3. Meshed split-thickness skin graft to cover the 
scrotum. 


429 


430 


Chang & Brandes 


thousandths of an inch, ideally from the inner thigh, 
and meshed 1.5:1. Skin grafts to the penis are typi- 
cally performed with nonmeshed grafts for both 
cosmesis and erectile function. For the scrotum, 
meshed grafts are used as the meshing simulates 
rugae, while allowing exudates to escape, thus 
improving graft take. The graft is then applied to 
cover the testes and cords and sutured in place 
at the perineum and ventral penile base. Multiple 
interrupted chromic sutures are placed in the graft 
to “quilt” it to the underlying tissue. The “neoscro- 
tum” is then covered with xeroform, mineral oil- 
soaked cotton batting, and fluff gauze bandage. 
Bolster sutures of purple-dyed 2-0 Vicryl are then 
placed at the graft margins and tied over the dress- 
ings to facilitate immobilization. An easier-to-apply 
and quicker alternative to a bolster dressing is the 
use of a negative pressure wound therapy device 
(refer to section Management of Complex Urologic 
Wounds). Postoperatively, the patient is typically 
kept on bed rest for 48 hours (to prevent graft 
movement and allow for maximal imbibitions) and 
the dressings are removed on postoperative day 
5. The patient then showers twice a day with 
soap and water, using a blow dryer on cool or 
gently patting the graft or harvest site with a towel 
to dry the graft.'? 

If the circumstances of the injury prevent imme- 
diate repair of the scrotum, the testicle should be 
wrapped in saline-soaked gauze for protection un- 
til surgery. '* If definitive reconstruction is going to 
be delayed or the genital and perineal skin defects 
PA 
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Fig. 4. Extensive penile and scrotal skin loss following 
a degloving injury. 


scrotal avulsion injury. 


are very large, the testicles may be protected in 
superficial thigh pouches as long as necessary 
(Figs. 4 and 5).'° Thigh pouches not only protect 
the testes but augment future scrotal reconstruc- 
tion, reduce the size of the perineal skin defect 
via secondary intention closure, and lighten the 
burden of labor-intensive and dressing changes 
that are often very painful to the patient. Thigh 
pouches prevent the testes and cord from forming 
a thick, fibrous, infected rind of granulation tissue. 
Should this “rind” of granulation tissue form, it 
must be completely removed down to the sper- 
matic fascia and tunica for skin graft to take. The 
rind is chronically infected tissue and is a poor 
bed for skin graft to take. If the rind is left in situ, 
the neoscrotum becomes contracted and flat- 
tened out into an abnormal, nondependent posi- 
tion. Care must be taken to avoid transmission of 
the infection to the thigh region, so gross contam- 
ination must be eliminated beforehand. 

To create thigh pouches, the testis and cord are 
initially dissected to the level of the external ring. 
To prevent stretching of the spermatic cord with 
thigh abduction, subcutaneous tissue pockets in 
the fascia of the thighs should be dissected as 
far posteriorly and caudally as possible to allow 
for slack in the cord. Next, the fascia lata of the 
thigh is identified and then the pouch is dissected 
superficial to the fascia lata with a sponge stick 
and 2 narrow deavers into the anterior thigh. If 
the testes are placed too medially, it may cause 
pain and discomfort when patients adduct their 
legs. The plane usually dissects out easily and 
bluntly. Placing the testes and cord directly on 
top of the fascia lata facilitates mobilization for de- 
layed scrotal reconstruction. 


PENILE DEGLOVING INJURIES 


Penile degloving injuries typically require immedi- 
ate reconstruction and should be treated with a 


sense of urgency owing to the nature of their func- 
tion. Similar to the repair of the scrotum, primary 
closure of the skin should be attempted. Primary 
closure of the penis is often difficult, because the 
shaft skin is not as elastic or as redundant as scrotal 
skin. Not infrequently, the penile skin defect is 
circumferential, disrupting distal lymphatic 
drainage. With circumferential avulsion, the re- 
maining skin distally must be excised to the subcor- 
ona to prevent chronic, disfiguring lymphedema. 

The primary objective of reconstruction is to 
preserve erectile function. If a primary closure is 
not feasible, a thick nonmeshed split-thickness 
skin graft should be placed because it is less likely 
to contract (Fig. 6). Meshed split-thickness skin 
grafts on the penis can occasionally contract to 
the extent that erections become impaired. The 
skin graft should be wrapped around the penis 
with the seam on the ventral aspect of the shaft, 
to simulate a median raphé, while avoiding chor- 
dee. (Skin grafts placed on the penis shaft never 
regain normal sensation. However, sexual function 
is often preserved due the intact sensation in the 
glans.'®) The graft is temporarily held in place 
with staples, and then quilting sutures (interrupted 
3-0 chromic suture) are placed. At the proximal 
and distal aspect of the penis, 4 sutures of long, 
purple-dyed 2-0 Vicryl are placed circumferentially 
to tie over a bolster dressing. 

The layers of dressing placed on top of the skin 
graft around the penis are Xeroform gauze, fol- 
lowed by a layer of mineral oil-soaked cotton 
wadding, fluff gauze, and then a compressive 
wrap of elastic bandage (conform). The long, 
purple-dyed stay sutures are then tied down to 
hold this bolster fixed in place (Fig. 7). Postopera- 
tively, the patient is kept at bed rest for 48 hours, 
and the dressing removed at approximately post- 
operative day 5. These instructions are then fol- 
lowed by twice-daily showers and gentle drying 
of the graft with the cool setting of a hair dryer. 
An alternative, simpler way to immobilize the skin 
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Fig. 7. “Penis-house” following skin grafting of penis. 


graft is to wrap the fluff dressing with elastic 
bandage (conform) and staple the conform period- 
ically while wrapping it around the penis, leaving 
the glans exposed. The final tight dressing is sta- 
pled at the edges of the skin. 

If the patient is impotent and elderly, a meshed 
split-thickness skin graft is acceptable. In addition, 
a scrotal flap (modified Cecil technique) can be 
used to cover the denuded penis, as long as the 
patient does not mind a hair-bearing penis and is 
impotent. !? To create the scrotal flap, a transverse 
incision is made in the inferior aspect of the 
scrotum followed by the formation of a subdartos 
tunnel. The penis is then mobilized through the 
tunnel, leaving only the glans exposed, while 
covering the denuded penile shaft. The scrotal 
flap edge is then sutured to the subcoronal skin 


Fig. 6. (A) A thick nonmeshed split-thickness skin graft around the shaft of the penis. (B) Two months postoper- 


ative following penile skin grafting. 
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with interrupted absorbable sutures. Patients have 
the option to undergo a second-stage repair to 
free the penis, which few select. 


PENILE FRACTURE 


Fracture of the penis is a tear of the tunica 
albuginea of the corpus cavernosum, frequently 
while the penis is rigid and erect. When erect, the 
tunica albuginea stretches and thins to 0.25- to 
0.5-mm-thick, compared with 2-mm-thick when 
flaccid.1’-°° Thus, the erect penis is more prone 
to serious injury (axial rupture) than the pendulous, 
flaccid penis during blunt trauma. In the Western 
Hemisphere, the most common cause of fracture 
is vigorous vaginal intercourse, most commonly 
when the woman is on top and the penis is acutely 
bent.212 In the Middle East, however, the most 
common cause of fracture is self-penile manipula- 
tion in an attempt to achieve rapid detumes- 
cence.2° Classically, signs and symptoms of 
penile fracture are a snapping or “popping” sound, 
followed by rapid detumescence, severe pain, 
ecchymosis, and swelling of the damaged side, 
with deviation away from the damaged side.2*5 
Typically, the penile fracture is a transverse 
corporal tear on the ventral portion of the penis, 
close to the urethra (Fig. 8). Many patients present 
in a delayed fashion because of embarrassment. 
The incidence of penile fracture is higher than prior 
reports, as some develop minor corporal tears, but 
never seek medical care. 

Penile fracture is a clinical diagnosis. Imaging is 
not needed, particularly when the patient presents 
with a convincing history and physical examina- 
tion.'* Despite that there are numerous reports of 
the accuracy of cavernosography and magnetic 
resonance imaging to diagnose penile fractures, 
such methods are too invasive, time consuming, 
or costly to justify, particularly when the diagnosis 
can be made clinically.'° Although sexual trauma 


Fig. 8. Penile fracture with urethral tear. 


can also lead to the rupture of the dorsal vein of 
the penis and mimic penile fracture, the use of 
diagnostic imaging should be highly selective 
(Fig. 9). In contrast, if urethral injury is suspected, 
retrograde urethrography or flexible cystoscopy 
must be performed. Urethral injury has been re- 
ported in 10% to 38% of penile fracture cases.'° 
Any signs of urethral injury, such as difficulty void- 
ing, blood at the urethral meatus, or any degree of 
hematuria, should cause a high index of suspicion 
in the physician and deserve further evaluation. 

Immediate surgical repair is the treatment of 
choice for penile fracture, as low complication 
rates and good outcomes have been reported by 
numerous centers. '? Although conservative man- 
agement may be an option in patients with minor 
tears of the tunica albuginea, most untreated frac- 
tures will develop delayed and persistent penile 
pain or curvature with erection. However, Kozacio- 
glu and colleagues? have looked at delayed 
versus immediate repair and concluded that de- 
layed repair had no ill effect as a consequence of 
a delay in surgery in patients without urethral 
involvement. Neither serious deformities nor erec- 
tile dysfunction was seen in the long term for these 
patients who had delayed repair. Although penile 
fracture is treated as a surgical emergency, from 
a practical view, waiting until the next morning 
for repair seems reasonable. 

Surgical repair of the fracture requires exposure 
of the defect in the corpora cavernosum and gross 
inspection of the urethra, given the 20% rate of 
associated urethral injury.'2 Depending on the 
location of the injury, the options for exposure 
include a circumferential, subcoronal, degloving 
incision of the penile skin or a longitudinal incision 
directly over the injury exposing only the tunical 
tear. At first, the hematoma should be evacuated, 
and the fracture site washed out. If the location of 


Fig. 9. Superficial dorsal vein rupture imitating penile 
fracture. 


the corporal tear is not clear, a Penrose tourniquet 
can be placed at the penile base with a butterfly 
needle placed into the corporal shaft and injected 
with saline (as in a Gittes test). Extravasating saline 
usually helps identify the location of the defect. Pri- 
mary closure of the corpora is usually performed 
using a running absorbable suture (2-0 Vicryl). 

Complete urethral disruptions should be reanas- 
tamosed without delay, with the ends debrided, 
spatulated, and reapproximated tension-free 
over a urethral catheter. If there is a partial tear 
of the urethra, then a “stenting” urethral catheter 
can be placed with a suprapubic tube, but primary 
repair of the tear should be performed when 
possible. Pericatheter urethrography is performed 
after 2 to 3 weeks after the procedure to confirm 
urethral healing before catheter removal. 


TESTICULAR RUPTURE 


A testicular rupture is a tear of the tunica albuginea 
with extrusion of seminiferous tubules (Fig. 10). 
Although both penetrating and blunt mechanisms 
can cause testicular rupture, most are blunt. The 
age group most vulnerable to testicular rupture is 
10- to -30-year-old men and boys involved in 
sports-associated activity or motor vehicle acci- 
dents.?’ In all cases of blunt scrotal trauma, the 
physician should have a high index of suspicion 
and the rupture ruled out. Clinical examination 
can be rather difficult in these patients because 
many present with severe pain and swelling. 
Although all penetrating injuries deep to the 
scrotal dartos fascia should be surgically 
explored, not all blunt injuries require exploration. 
Many physicians will conservatively manage in- 
juries that do not show clinical or radiological 


Fig. 10. Close-up view of testis rupture with extrusion 
of seminiferous tubules. 
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evidence of rupture. Scrotal ultrasonography, in 
the hands of a skilled sonographer, can serve as 
a vital addition to the physical examination, partic- 
ularly if examination findings are equivocal.?®-91 
The sonographic findings are a heterogeneous 
echo pattern of the testicular parenchyma with 
loss of contour of the testis tunica (100% sensi- 
tivity and 93.5% specificity).°? Injuries that are clin- 
ically benign and homogeneously echogenic on 
ultrasound do not require surgical exploration. 

In all cases of testicular rupture, urgent surgical 
exploration is essential for salvage of the testicle. 1? 
Although testis rupture is not life threatening, it can 
have numerous repercussions including infertility, 
hypogonadism, and low self-esteem. The surgeon 
should attempt to salvage/preserve any remaining 
viable tubules, as studies have revealed reduced 
endocrine abnormalities and improved semen 
quality compared with orchiectomy.°*** Blunt 
ruptured testes explored within 72 hours have a 
salvage rate of greater than 90%, whereas those 
explored late have a 45% salvage rate.°° 

To achieve maximal exposure to both testes and 
cords in addition to maintaining cosmesis, the 
scrotum is typically explored through a vertical 
incision of the median raphé. The tunica vaginalis 
is then opened and the testis is brought out of 
the scrotum and the testicle is inspected for injury. 
Any nonviable seminiferous tubules are then 
sharply excised and any hematoma is drained, 
leaving only healthy bleeding edges. The tunica al- 
buginea is then closed, using arunning 3-0 absorb- 
able suture (Fig. 11). The testis is returned into the 
scrotum, with the lateral groove of the testis ori- 
ented properly to prevent torsion, and the scrotum 
is closed in 2 layers with absorbable sutures. A 
Penrose or closed suction drain can be placed 
through a separate stab incision if hemostasis is 
a concern. The wound is protected with fluff gauze 


Fig. 11. Closure of tunica albuginea following testis 
rupture. 
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and held in place with a scrotal support for 
compression. Anti-inflammatory medications, ice 
packs, and scrotal elevation may limit postopera- 
tive edema and hasten convalescence. 


PENETRATING WOUNDS 


Penetrating trauma to the genitalia is rare. 
Most cases are gunshot wounds (GSW) but stab 
wounds make up a significant portion. Although 
military GSW are from high-velocity weapons with 
significant injuries, most civilian GSW reported 
are from low-velocity weapons, causing less acute 
and delayed tissue damage.*° All patients with 
penetrating penile wounds require a retrograde 
urethrography or urethroscopy, because up to 
50% have an associated urethral injury.37-39 

Early surgical exploration, debridement, and pri- 
mary repair of penetrating injuries are the pre- 
ferred management for both the penis and the 
testes.*° Repair of a penetrating penile wound is 
comparable to that of a penile fracture. Depending 
on the location, direct visualization of the corpora 
can be obtained via a circumferential, degloving, 
subcoronal incision or via a penoscrotal, infrapubic, 
or perineal incision for more extensive wounds. '2 
For minor injuries to the corpora, primary closure 
is adequate, as it is done for penile fractures. 

Repair of testicular injury from a penetrating 
trauma also follows the same principles as that 
from a rupture from a blunt injury. Approximately 
50% of GSW to the scrotum strike the testis and, 
of these, one-half of the testes are viable for 
repair.'* Much like testicular rupture, salvage of 
viable testicular tissue is the primary goal of man- 
agement. After debridement of the nonviable tis- 
sue, the tunica albuginea is closed primarily. In 
cases where the defect is wide and there is a defi- 
ciency of tunica albuginea to close primarily, a free 
graft of tunica vaginalis is used to cover the defect 
and preserve the testicle. 1 A tunica vaginalis graft 
can be easily harvested and sewn to the edges of 
the tunica albuginea for coverage (Fig. 12). Syn- 
thetic grafts (ie, Gore-Tex) result in poor outcomes 
secondary to infection and eventual orchiectomy. 
Thus, using the native tunica vaginalis tissue is 
the optimal tissue for coverage, and a clear alter- 
native to orchiectomy. '2 


PENILE AMPUTATION 


Traumatic genital amputations are usually self- 
mutilations performed by acutely psychotic pa- 
tients or transsexuals unable to have (afford) 
sexual reassignment surgery.*2-*” A multidisci- 
plinary team of urologists, plastic surgeons, psy- 
chiatrists, and social workers is needed to care 


Fig. 12. Testicle after successful graft with tunica 
vaginalis. 


for the penile amputation patient properly. Less 
commonly, genital amputations are caused by 
agricultural and industrial machinery accidents.*® 
Of note, the largest series of reanastamosis of 
penile amputations was reported in Thailand.*9 
During the 1970s, there were an estimated 100 
penile amputations by angry wives against their 
philandering husbands, with 18 cases replanted 
at the same medical center. 

There are 3 options to treat the amputated penis, 
depending on the degree of damage: closure of the 
residual stump, surgical reanastamosis of the 
amputated penis, or total phallic substitution with 
reconstruction regardless of the psychological 
state of the patient. Once the psychotic episode 
is properly treated, most patients are very remorse- 
ful of self-amputation. If the amputated penis is 
viable, penile reanastamosis should always be at- 
tempted. The amputated penis should be thor- 
oughly washed out and debrided with either 
normal saline or lactated Ringer solution and then 
cooled in a “double bag.”°° The “double-bag” 
technique involves wrapping the amputated penis 
in saline-soaked gauze and then placing it in a first 
sterile sealed bag. Next, the first bag is placed ina 
second bag or basin of ice-slush. This maneuver 
protects the penile skin from direct contact with 
ice while still maintaining a hypothermic state, opti- 
mally at 4°C. Penile replantation is attempted up to 
24 hours after the injury because success has been 
reported after 16 hours of cold ischemia and 
6 hours of warm ischemia.°"52 

The patient should be stabilized, with aggres- 
sive fluid resuscitation and blood transfusion 


as indicated.“ Whenever feasible, the patient 
should be cared for at a center that has the capa- 
bility of performing microvascular surgery by a 
specialist.444© Microvascular reattachment has 
shown superior outcomes with decreased skin ne- 
crosis and glans slough, improved sensation, and 
superior function when compared with macrovas- 
cular technique. If a patient cannot be treated at a 
center with microvascular capabilities, then a 
macrovascular reattachment can be attempted. 
This reattachmentn is certainly suboptimal, for 
the reasons stated above, but is a better option 
then defaulting to a penile stump. 

To begin replantation, vascular control is ob- 
tained at the base of the proximal cut edge of 
the corpora. Local compression with gauze or 
tourniquet may be required depending on the 
extent of the hemorrhage. After controlled hemo- 
stasis, the tunica albuginea of the corpora caver- 
nosa should be reapproximated with interrupted 
3-0 polyglactin (Vicryl) suture. Placement of 
several sutures through the intercavernous 
septum will provide stabilization. The central cav- 
ernosal arteries do not need to be reanastamosed, 
because it does not improve outcome. The prox- 
imal and distal urethral edges are then mobilized 
for about 1 cm with the ends spatulated. Next, 
the urethra is reanastomosed over a 16-French sil- 
icone Foley catheter with interrupted 5-0 or 
6-0 polydioxanone (Maxon, United States Surgical 
Corporation, Norwalk, CT, USA or PDS, Ethicon, 
Somerville, NJ, USA) suture in a single layer. 
Placement of a suprapubic tube is recommended 
to divert the urine proximally to facilitate healing. '2 

Once the penis is stabilized, then the deep 
dorsal vein is microscopically re-anastamosed 
with 11-0 nylon or polypropylene (Prolene, Ethi- 
con, Somerville, NJ, USA). This anastamosis is 
critical and must be patent to prevent corporal 
edema, swelling, and subsequent ischemia. 
Next, at least one, preferably both, of the dorsal 
penile arteries are reapproximated in an end-to- 
end fashion, which immediately re-establishes 
blood flow to the subcutaneous tissues and pre- 
vents postoperative skin necrosis. Last, as many 
nerve fibers as can be identified are then reap- 
proximated with a simple nylon or polypropylene 
suture in the epineurium. Dopplerable blood flow 
though the dorsal arteries needs to be confirmed 
before completing the case.'2 

If penile skin is intact, the skin edges are either 
reapproximated with interrupted 4-0 chromic su- 
tures or a thick, nonmeshed, split-thickness skin 
graft is placed when the penile skin is unusable 
or denuded. A last resort and less attractive 
method of coverage is to bury the penis in a sub- 
cutaneous tunnel in the scrotum (using a modified 
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Cecil technique), which leads to a suboptimal hair- 
bearing, thick-skinned penile shaft, which may 
require additional surgery.'° It is crucial to cover 
the vascular anastamoses to avoid delayed throm- 
bosis and necrosis and replantation failure. Finally, 
the penis is wrapped in loose dressings and an 
external splint is fashioned vertically to facilitate 
venous and lymphatic drainage. 

If penile replantation is not an option because of 
loss of the detached penis or damaged beyond 
repair, then the penile stump can be closed as 
done for a standard elective partial penectomy 
(Fig. 13). The neomatus is widely spatulated to 
prevent stenosis. A free forearm phalloplasty can 
be performed subsequently. 

Postoperative management must include at 
least 48 hours of bed rest and perioperative 
broad-spectrum antibiotics. The Foley catheter 
can be removed after at least 3 weeks of stenting, 
following a pericatheter retrograde urethrogram or 
a voiding cystourethrogram, which verifies a 
healed anastomosis. The suprapubic tube is cap- 
ped and then removed after a few days of normal 
voiding. In cases of self-mutilation, the patient’s 
mental health must be addressed and closely 
monitored and the psychiatry department must 
be involved with this patient’s care. 


TESTIS AMPUTATION 


Although the penis, if properly cooled, can be suc- 
cessfully replanted, the testes are much more deli- 
cate and cannot tolerate extended periods of 
warm ischemia. Due to their highly metabolic 
state, the testes have only a 4- to 6-hour period 
following amputation for successful replantation. '° 
If the patient is at risk for hypogonadal state, as 
with an atrophic or absent contralateral testis, 
microvascular technique is recommended for the 
best possible outcome. 


Fig. 13. Urethra mobilized for spatulation following 
penile amputation. 
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First, the 2 edges of the spermatic cord are 
debrided and the spermatic veins, the spermatic 
artery, and the vas deferens must be identified 
within both ends. The spermatic artery is anasta- 
mosed together using an 11-0 nylon or Prolene 
suture under microscopic view. If performed prop- 
erly, the spermatic veins will begin to bleed on the 
testicular side and can be easily identified. If tech- 
nically feasible, then at least 2 veins should be 
joined together with their severed counterparts. 
Last, the vas deferens must be realigned via a vas- 
ovasostomy in an end-to-end fashion performed 
in a 2-layer fashion, connecting first the vasal mu- 
cosa using 10-0 nylon or Prolene suture. The vasal 
muscularis is reapproximated using 9-0 nylon or 
Prolene suture, and then the spermatic fascia is 
closed primarily. To protect and support the fragile 
anastamoses, an orchiopexy is performed to 
secure the testicle in place. If the native scrotal 
skin is viable, the scrotum should be closed primar- 
ily over the reattached testis. Conversely, if more 
than 60% of the scrotal skin is absent, then the re- 
planted testicles should be placed in thigh pouches 
until a neoscrotum is reconstructed, in the method 
described earlier for scrotal avulsion. 

In all cases of self-inflicted genital amputation, 
patients must be closely observed following 
replantation surgery. Psychiatry must be closely 
engaged in these patients’ care, because they 
are likely to repeat their actions if not properly 
managed. 


MANAGEMENT OF COMPLEX UROLOGIC 
WOUNDS 


Many traumatic wounds are difficult to manage 
despite optimal care. At times, the wound defect 
may be so large or complex that reconstruction 
is not feasible. Negative pressure wound therapy 
(NPWT) is not a new concept in wound therapy; 
it was first reported by Fleischmann and col- 
leaguesë? in 1993. An NPWT device (VAC Therapy; 
Kinetic Concepts, Inc, San Antonio, TX, USA) is 
used to create a negative pressure over the 
wound, which drains the excessive interstitial 
edema, decompresses small vessels, and restores 
local blood flow. Other benefits of NPWT include 
reduction of bacterial colonization and stimulation 
granulation tissue growth to promote wound 
closure. To set up an NPWT, a piece of foam is 
placed over the wound with a large piece of trans- 
parent tape cover and a drain tube is set to trans- 
port fluid to a vacuum pump. Any open wound can 
be converted into a controlled closed wound with 
an NPWT device. 

An NPWT may be used for many types of 
wounds, including dehisced surgical wounds, 


complex operative wounds left open to heal by 
secondary intention, meshed skin grafts and flaps, 
stage Ill and IV pressure ulcers, chronic open 
wounds, diabetic foot ulcers, venous stasis ulcers, 
degloving injuries, and partial-thickness and full- 
thickness burns (<12 hours of burn). It should not 
be used for patients with malignancy, necrotic tis- 
sue that has not been debrided, fistulae to body 
cavities/organs, untreated osteomyelitis, wounds 
with bleeding bed, or patients on anticoagulation 
therapy.°* 

In 2005, Armstrong and colleagues®? enrolled 
162 patients with complex wounds after a partial 
foot amputation into a 16-week, multicenter, ran- 
domized, clinical trial. Seventy-seven patients 
were randomly assigned to NPWT with dressing 
changes every 48 hours versus 85 control patients 
who received standard moist wound care accord- 
ing to consensus guidelines. NPWT was delivered 
through the vacuum-assisted closure therapy 
system. Wounds were treated until healing or 
completion of the 112-day period of active treat- 
ment. This study showed that the NPWT group 
healed more than the control group (43 [56%] vs 
33 [39%], P = .040). The time to complete wound 
closure was also faster in the NPWT group than in 
controls (P = .005). In addition, the rate of granula- 
tion tissue formation was faster in the NPWT group 
than in controls (P = .002). 

The costs of NPWT are significant, and this has 
discouraged many clinicians from using the ther- 
apy. However, there are reports showing the faster 
healing time with NPWT compared with conven- 
tional therapies correlating to decreased overall 
cost of care.°° Philbeck and colleagues showed 
that the average wound closure rate with an 
NPWT (vacuum-assisted closure) was 0.23 cm?/d, 
compared with 0.09 cm?/d for a wound treated 
with saline-soaked gauze. The average 22.2-cm? 
wound in the study took 247 days to heal at a cost 
of $23,465 with saline-soaked gauze versus 
97 days to heal at a cost of $14,546 with an NPWT 
system. The study showed that the NPWT is an 
efficacious and economical therapy option for 
variety of chronic wounds. 

NPWT combines the benefit of both open- 
wound and closed-wound treatment. NPWT is 
not universally applicable to all type of wounds, 
however. In a carefully selected patient, it can 
serve as a practical addition to the traditional 
wound therapy options available to the recon- 
structive surgeon. 


SUMMARY 


Traumatic genital injury predominantly affects 
the young and is usually not life threatening. 


Nevertheless, the treating physician must have a 
high index of suspicion when evaluating genital 
injuries. Although missed diagnosis can result in 
dire consequence with life-long sequelae, rapid 
and proper treatment can help preserve tissue, 
cosmesis, and function. 
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KEY POINTS 


INTRODUCTION 


Penile skin loss may occur after a variety of 
disease processes. Reconstructive options are 
tailored to the defect. When skin is missing, skin 
grafting can achieve the goal of reconstructing 
like with like. 

Even urologists who do not specialize in recon- 
struction may be called on to give their advice in 
complex cases, especially after necrotizing genital 
infections. Although they are experts in general 
reconstructive principles, plastic surgeons may 
not be aware of the unique anatomic and func- 
tional factors in penile and genital reconstruction; 
collaborative efforts are often necessary. 


INDICATIONS FOR PENILE SKIN GRAFTING 


Several disease processes may cause actual or 
functional loss of penile skin, and skin grafting is 
often necessary to reconstruct these wounds. 
The most common problems include necrotizing 
infections of genital skin (ie, Fournier gangrene), 
lichen sclerosus, trauma, and burns. Resection of 
penile cancer or genital lymphedema may require 
removal of skin from the penis, leading to a need 
for replacement. A circumcision sometimes results 
in too much skin removal and the need for a skin 


Funding Sources: None. 
Conflict of Interest: None. 


Choice of reconstruction of penile skin loss depends on anatomic and functional factors. 
Normal skin graft healing involves imbibition, inosculation, and revascularization. 

The most common causes of skin graft loss are hematoma, seroma, infection, or shear. 

Skin grafting of the penis can be challenging because of the ability of the penis to change size. 


graft. In addition, reoperative repair of hypospa- 
dias or penile urethral stricture may use oral 
mucosal or skin grafting. 


SKIN ANATOMY 


Skin has many roles, most importantly serving as a 
barrier to the outside world. The skin has 3 layers: 
the epidermis, the dermis, and the hypodermis or 
subcutaneous layer (Fig. 1). The epidermis, the 
most superficial layer, produces and maintains 
the stratum corneum, the waterproof outermost 
barrier of the skin. The epidermis also contains 
important specialized cells such as melanocytes, 
immune cells, and sensory cells. 

The dermis makes up the remaining 90% to 
95% of the total skin thickness and provides a 
collagen matrix to support the epidermis. The 
skin appendages, such as hair follicles, sweat 
glands, and sebaceous glands are found in the 
dermis. The hair follicle has multipotent bulb 
cells that are important in reepithelialization of a 
wound. !:? 


TERMINOLOGY 


A skin graft is skin that is removed from one 
anatomic location, without a blood supply, and 
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Fig. 1. Layers of the skin. (From Fang RC, Mustoe TA. Structure and function of the skin. In: Guyuron B, Eriksson E, 
Persing JA, editors. Plastic surgery: indications and practice. Philadelphia: Saunders Elsevier; 2009; with 


permission.) 


transplanted to a new site. Engraftment is the pro- 
cess of revascularization and healing of the graft. 
Skin grafts are commonly categorized in terms of 
the depth of the graft. A full-thickness skin graft 
is comprised of all the dermis and epidermis. 
This graft is harvested at the interface of the 
dermis and hypodermis (see Fig. 1). The thickness 
of this graft is determined by the anatomic site 
from which is it is harvested. For example, a full- 
thickness skin graft obtained from the prepuce is 
thinner than a graft harvested from the back. In 
the case of a full-thickness skin graft, the donor 
site is closed primarily. In contrast, a split- 
thickness skin graft comprises the epidermis and 
only a portion of the dermis. It is harvested with 
a dermatome, an instrument that shaves a sheet 
of skin of controlled width and thickness. 


DIFFERENCES BETWEEN SPLIT-THICKNESS 
AND FULL-THICKNESS SKIN GRAFTS 


There is more dermis in a full-thickness skin graft 
than in a split-thickness skin graft, so there are 
some important distinctions in the behavior and 
potential use of both types of grafts (Table 1). 
Because split-thickness skin grafts are thinner 
and have less tissue, they have less metabolic de- 
mand from the wound bed, and thus have better 
survival or take. In contrast, a full-thickness skin 
graft is thicker and, as such, has greater metabolic 
demand. Survival of a full-thickness skin graft is 
more uncertain and it requires a well-vascularized 
recipient site. 

Full-thickness skin grafts display significantly 
more primary contraction than split-thickness 


Table 1 
Characteristics of full-thickness and split- 
thickness skin grafts 


Full-thickness Split-thickness 
Skin Graft Skin Graft 


Amount of More Less 
dermis 


Primary More Less 
contracture 


Secondary Less More 
contracture 


Metabolic More Less 
activity 
Hair growth More Less 


Sweat gland More Less 
function 


Sebaceous More Less 


gland function 


Sensory return More Less 


skin grafts. Primary contraction is the recoil that 
occurs immediately after a skin graft is harvested 
and is directly related to the amount of elastin pre- 
sent in the dermis. A full-thickness skin graft can 
lose up to 40% of its surface area from primary 
contraction. These rates are lower with grafts 
that have less dermis. For example, a thin split- 
thickness skin graft only loses 10% of its surface 
area from primary contraction.* 

Over time, full-thickness skin grafts have a 
tendency to resist the significant problem of sec- 
ondary contraction, the contraction of a skin graft 
after healing. Myofibroblasts within the graft are 
primarily responsible for secondary contraction. 
The use of thicker skin grafts, with more dermis, 
helps to prevent this type of contraction. Once 
secondary contraction ends, full-thickness skin 
grafts tend to stretch and grow with an individual, 
whereas split-thickness skin grafts tend not to 
expand as well. 

Another important distinction between full- 
thickness skin grafts and _ split-thickness skin 
grafts is the durability of the graft. Once again, 
this difference is directly related to the thickness 
of the dermal layer. Thicker grafts are better able 
to resist friction and trauma. 

It is also notable that the skin’s appendages, 
such as sweat and sebaceous glands, are present 
in the dermis. As such, full-thickness skin grafts 
have a greater ability to sweat or produce oil. How- 
ever, this ability depends on the reinnervation of 
the glands, which can take several months to 
years. In the interim, it is important to keep skin 
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grafts well moisturized to prevent drying, which 
can lead to fissuring of the grafted skin, especially 
for split-thickness skin grafts, which are lacking in 
these glands permanently. 

Hair follicles are also present in the dermis, and 
full-thickness skin grafts show the hair growth 
pattern of the donor site. It is therefore important 
to make sure that full-thickness skin grafts used 
in penile reconstruction are obtained from a hair- 
less area. Split-thickness skin grafts are generally 
hairless and thus are generally preferred on the 
penis. 

In choosing a skin graft, donor site morbidity 
must also be considered. A full-thickness graft, 
by definition, leaves a full-thickness defect at the 
donor site, and large donor sites may be difficult 
to close or hide. Split-thickness grafts have the 
benefit of leaving a donor site that heals with only 
simple wound care. In addition, the thickness of 
dermis varies by anatomic site and with age. The 
dermis is thinner in children and with advancing 
age,* and what may be a thick split-thickness graft 
in a young adult patient may leave a full-thickness 
wound in the elderly. 


CHOICE OF SKIN GRAFT IN PENILE 
RECONSTRUCTION 


The choice of graft thickness depends on the 
needs of the wound to be covered and the inherent 
compromises associated with graft thickness. A 
core principle of reconstructing tissue loss is to 
replace like with like, meaning choosing donor 
tissue that most closely replicates the native tissue 
in function and appearance. The skin of the penis is 
thin, hairless, and flexible. Because of the dramatic 
change in size of the penis with erection and the 
need for durability because of the tissue demands 
of sexual activity, full-thickness skin grafts seem to 
be the preferred choice in the replacement of 
penile skin. Although some prefer full-thickness 
grafts in penile skin replacement,° in most cases 
it is best replaced by a split-thickness skin graft 
(Fig. 2).®7 A thick split-thickness skin graft offers 
the best combination of graft take and durability. 
In some cases, a full-thickness skin graft may be 
appropriate in penile reconstruction. The most 
common example is in urethral reconstruction. 
Although a detailed discussion of graft urethro- 
plasty is outside the scope of this review, under- 
standing the principles behind graft selection and 
the factors that determine success is essential. 
Urethral reconstruction calls for tissue that resists 
the stress of urine passage. At present, a full- 
thickness oral mucosal graft is the closest replace- 
ment tissue for the urethra. It is used extensively 
in staged reconstruction of urethral repairs and 
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Fig. 2. (A) Patient with skin loss and buried penis from lichen sclerosus. (B) Patient after excision of scarred skin 
and split-thickness skin grafting to penis. (C) Patient 5 weeks after surgery. (D) Lateral thigh skin graft donor site 


5 weeks after surgery. 


complex hypospadias. Meshed foreskin and 
split-thickness skin grafts used in staged urethral 
reconstruction? have fallen from favor, especially 
as oral mucosal grafts have come into use. In 
some circumstances, the prepuce of an uncircum- 
cised patient may be used to reconstruct penile 
skin elsewhere. 


NORMAL SKIN GRAFT HEALING 


Engraftment involves removing tissue (skin or 
mucosa) from its native location and blood supply 
and transferring it to a recipient bed, where the 
transplanted tissue undergoes revascularization. 
Disruption of this process leads to graft failure. 
The first phase of engraftment is known as plas- 
matic imbibition and lasts for 24 to 48 hours. 
During this time, the diffusion of nutrients, oxygen, 
and metabolic waste occurs passively back and 
forth across the concentration gradient from the 
graft to the wound bed.!° For the duration of the 
imbibition phase, the graft is without blood flow 
and appears white. Greater vascularity of the 
wound bed results in shorter graft ischemia time. 
Because it is composed of more tissue and has 


greater metabolic demand, a full-thickness skin 
graft can only tolerate this ischemia for about 
3 days. However, a split-thickness skin graft is 
more forgiving because it has less metabolic de- 
mand. It can survive ischemia through imbibition 
for up to 5 days." 

The next stage, inosculation, begins within 
36 hours and involves the formation of anastomotic 
connections between host and graft vasculature. 
Skin grafts begin to have capillary refill during this 
phase. As blood flow begins, it is disorganized at 
first. As such, especially full-thickness skin grafts 
may appear slightly cyanotic at this time. 1? 

During the final phase of skin graft healing, 
revascularization, new vessels within the graft 
establish the definitive vasculature that will ensure 
the long-term survival of the graft. Whether the 
preexisting vessels in the graft act as conduits 
for ingrowth and become reendothelialized, or 
entirely new vessels form, or all of these occur, re- 
mains an area of ongoing research.'* 

Over time, it is normal for skin grafts to become 
hyperpigmented or hypopigmented. Grafts that 
are harvested from the lower trunk and thighs 
have a tendency to darken or take on a yellow 


color as the graft matures, especially with skin 
grafts from the groin. Thinner skin grafts have a 
greater tendency to be hyperpigmented. 1415 

Skin grafts can reinnervate over time. The pro- 
cess of nerve ingrowth begins both from the wound 
bed and from the periphery of the skin graft, pro- 
gressing inwards.'© This process can take more 
than 2 years. The extent of reinnervation depends 
on the presence of neurilemmal sheaths within 
the graft. The more dermis that is present in the 
graft, the better the likelihood of reinnervation. 
Thus, full-thickness skin grafts have better poten- 
tial for reinnervation than thin split-thickness skin 
grafts.'® 


ABNORMAL SKIN GRAFT HEALING 


Adverse local factors and errors in surgical tech- 
nique can lead to graft failure. The most common 
cause of graft failure is fluid accumulation under 
the graft. Hematoma or seroma formation between 
the graft and recipient bed increases the distance 
required for diffusion of nutrients during the imbibi- 
tion phase. In addition, a hematoma can create a 
barrier between the graft and the wound bed, in- 
hibiting revascularization.'’ Careful hemostasis is 
important to prevent this complication. 

The second most common cause of skin graft 
failure is infection. Atraumatic graft handling and 
a well-vascularized and clean wound bed are 
paramount. Skin graft survival is improved when 
there are fewer than 10° colony-forming units of 
bacteria per gram of tissue.'® Fibrin has a bacte- 
riostatic effect and has an important role in the sur- 
vival of skin grafts.'? 

Additional causes of graft failure include moving 
of the graft, or shearing. Shearing disrupts the 
neovascularization from the host bed to the graft. 
Quilting sutures may be placed to decrease the 
dead space between the graft and the recipient 
bed and to decrease shear injury.” The graft 
will fail any place where the graft is not in direct 
contact with the wound bed. Bolster or negative- 
pressure wound dressings can also help in this re- 
gard by helping to hold the graft in place on the 
wound bed. 


TECHNIQUE OF SPLIT-THICKNESS SKIN 
GRAFTING 


The first step in reconstruction after penile skin 
loss is preparing the wound bed. In cases of 
necrotizing genital infections, debridement of all 
necrotic tissues may take one or many surgical 
procedures. Once the wound bed is healthy, and 
the patient has been stabilized, reconstruction 
of the wound can proceed. Broad-spectrum 
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antibiotics are administered before surgery. A uri- 
nary catheter is placed. The penile shaft and tunica 
vaginalis are good recipient graft beds, and the 
presence of granulation tissue is not necessary 
for skin graft coverage. The wound bed is debrided 
to decrease bacterial contamination. 

Thick split-thickness skin grafts are preferred for 
replacement of the penile shaft skin. The dimen- 
sions of a wound may not be apparent until the 
penis is put on stretch or an erection is induced. 
At the least, the penis should be placed on stretch 
through the use of a glans suture when measuring 
to determine the necessary skin graft. Because of 
primary contraction, the size of the graft taken 
should be larger than the penile defect by approx- 
imately 20%. A split-thickness graft harvested for 
coverage of most locations may typically be 
0.03 mm (0.0012 inch). For the penis, a thicker 
graft of 0.04 mm (0.0016 inch), with its associated 
greater amount of dermis, is better able to resist 
the friction and wear of sexual activity, and is 
elastic enough to stretch with erections. 

The hair over the donor site is removed. The 
lateral thigh is generally used as a donor site 
because it can easily be draped within the area 
of the wound, and it is easy to procure a wide 
(75-100 mm [8-4 inch]) sheet graft from this 
area. In addition, compared with the medial thigh, 
the lateral thigh is less sensitive. The patient is 
asked before surgery regarding his preference as 
to which side to use, in an attempt to avoid har- 
vesting from the side on which the patient sleeps. 
If the lateral thigh cannot be used, the abdominal 
wall, buttocks, or back can make suitable, but 
less convenient, donor sites. Some investigators 
advocate harvesting a split-thickness graft from 
the skin resected when treating genital lymphe- 
dema?°; however, when skin is grossly abnormal 
it should be discarded. 

The donor site is lubricated. Mineral oil is often 
used, but we prefer the use of chlorhexidine gluco- 
nate solution 4.0% because it is easier to remove 
and does not interfere with adhesive dressings. 
The donor skin is made taught with the aid of an 
assistant to help in procuring the graft. Next, the 
skin graft is obtained with a pneumatic or electric 
dermatome, such as a Zimmer (Zimmer, Warsaw, 
IN) or Padgett dermatome (Integra, Plainsboro, 
NJ). The donor site is then temporarily dressed 
with Telfa gauze (Covidien, Mansfield, MA) soaked 
in saline with epinephrine to help with hemostasis. 
A local anesthetic is injected to help with postop- 
erative pain because the donor site is especially 
uncomfortable. 

Creating an outlet for the egress of fluid is impor- 
tant in preventing hematomas or seromas. Mesh- 
ing is a technique for providing drainage from 
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beneath the graft. The graft is passed through a 
mesher on a plastic carrier that determines the 
expansion ratio. We typically mesh and expand 
grafts to the scrotum by 1:1.5. Meshing has the 
added benefit of allowing the graft to cover a 
greater surface area (Fig. 3). However, expanded 
meshed grafts yield a netlike scar pattern on heal- 
ing. In addition, because the interstices heal by 
secondary intention, there is more contraction of 
the graft. 

In cosmetically sensitive areas and where mini- 
mal graft contraction is desired, such as the penis, 
a nonmeshed graft, or sheet graft, is preferred. 
Instead of meshing, the pie-crusting technique 
(Fig. 4) allows fluid to drain from beneath a graft. 
This technique entails creating perforations in the 
graft with a blade. The perforations are oriented 
in a random pattern to avoid drawing the eye to 
any specific pattern. 

The skin graft ideally is placed over the penile 
shaft in such a way that the incision line recreates 
the median raphe on the ventral surface (Fig. 5). 
The skin graft is sutured to the surrounding skin 
with 4-0 chromic sutures. Quilting sutures, placed 
in a manner avoiding the urethra and dorsal neuro- 
vascular bundle, should be used to adhere the 
graft closely to the wound bed to prevent seroma 
or shear. If the glans has been deepithelialized, 
as may be the case in patients with lichen sclero- 
sus, skin graft is placed over the denuded area. 

Fibrin glue has been shown to slightly improve 
skin graft take in simple reconstructions. However, 


se Ahem. FES 
Fig. 3. A split-thickness skin graft has been meshed 
1:1.5 and applied to the testicles and perineum. 


Fig. 4. A patient who had traumatic partial penile 
amputation and loss of penile skin underwent split- 
thickness skin grafting with pie-crusting incisions of 
graft to allow for drainage of blood and serum from 
beneath the graft. 


its real benefit is in difficult areas to graft, such as 
the penis or perineum. Several studies have found 
significant improvement in graft take when used in 
mobile areas or areas close to skin folds.?'-22 
Using a thin layer of diluted fibrin glue may help 
with graft adhesion?* and minimize the concern 
of adding a barrier to imbibition and inosculation. 

Often the testes need skin coverage at the same 
time as the penis, particularly after necrotizing 
genital infections or lymphedema. The scrotum 
may be reconstructed with thigh flaps, but we 
find split-thickness skin grafting of the scrotum 
to be less morbid and to heal with good cosmetic 
results, especially when the tunica vaginalis has 
been preserved. The testes are sutured to one 
another in the midline. The skin graft is generally 
taken at 0.03 mm (0.0012 inch) thickness and 
then meshed in a 1:1.5 ratio (see Figs. 3 and 5B). 
The graft is then sutured to the tunica vaginalis 
or directly to the tunica albuginea of the testes 
with 4-0 chromic sutures. 

In cases in which only a small area of the penis 
requires grafting, such as in staged urethral recon- 
struction, a tie-over bolster dressing is a simple, 
efficient way of compressing the graft to prevent 
hematoma or shear. Our preference is to use ster- 
ile surgical prep sponges as the bolster on top of 
petrolatum gauze (Fig. 6). Sutures are placed 
through the adjacent penile skin and tied together 
over the bolster. The ties should be snug but not so 
tight as to damage the skin through which the 
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Fig. 5. (A) Perineal and penile wound after debridement of genital lymphedema. (B) Split-thickness skin grafting 
of the perineum and penis. Note that the penile skin graft has been applied as a sheet graft and has been pie 
crusted, whereas the perineal skin graft has been applied as a meshed graft. Some portions of the wound 


have been repaired by primary closure. 


suture is placed. A tie-over bolster may even be 
used in glans reconstruction.24 

For circumferential penile skin grafting, our pref- 
erence is to dress the skin grafted areas with 
petrolatum gauze and a negative-pressure wound 
dressing.2° Negative-pressure wound dressings 
(such as VAC Therapy, Kinetic Concepts, Inc, 
San Antonio, TX), may help the graft to conform 
closely to the underlying tissue, thus precluding 
the accumulation of fluid (Fig. 7A).2° Circumferen- 
tial negative-pressure dressings on the penis have 
been shown to be safe and effective in penile skin 
grafting.2” When applying a negative-pressure 
wound dressing to the penile shaft, we also apply 
tongue depressors outside the sponge to help 
maintain the length of the penis (see Fig. 7B), 
because the negative-pressure dressing will other- 
wise not keep the penis stretched to length. The 
negative-pressure wound dressing is then placed 
at 100 to 125 mm Hg continuous pressure. How- 
ever, the negative-pressure dressing alone cannot 
be relied on to achieve contact between the graft 


Fig. 6. A tie-over bolster is used to dress a full- 
thickness graft in staged urethral reconstruction. 


and the bed, and areas of the graft that are not in 
direct contact with the recipient bed will necrose. 

The dressing and urinary catheter are then left in 
place for 5 days, during which time the patient is 
kept on bed rest. After the dressing is removed, 
antibiotic ointment and petrolatum gauze are 
used to dress the wound until it has finished heal- 
ing for the next 2 weeks. After this, the patient is 
instructed to apply lotion to the grafted areas daily 
as all skin grafts are without sebaceous gland ac- 
tivity, at least in the early healing period. 

The skin graft donor site is covered with a 
semiocclusive dressing such as Tegaderm (3M, 
St Paul, Minnesota) or Op-Site (Smith & Nephew, 
St Petersburg, FL). Semiocclusive dressings tend 
to be more comfortable than leaving the wound 
open or using semiopen dressings such as scarlet 
red or petrolatum gauze.2® The donor site may 
collect serous fluid while covered with a semiocclu- 
sive dressing. This fluid can be aspirated using 
sterile technique, and the puncture site covered 
with another semiocclusive dressing. If the donor 
site dressing is leaking, it can be reinforced or 
removed and petrolatum gauze placed over the 
donor site. Depending on the thickness of the 
skin graft, the donor site can take between 7 and 
21 days to reepithelialize. Once the donor site has 
healed, the dressing is removed, and the patient 
is encouraged to apply lotion to the wound daily. 


FULL-THICKNESS SKIN GRAFTING IN PENILE 
RECONSTRUCTION 


Oral mucosal grafts are most often used full- 
thickness skin graft in genital reconstruction and 
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Fig. 7. (A) Negative-pressure wound sponge is placed over the skin graft as a bolster. (B) Negative-pressure 
wound dressing applied with tongue depressors cut to size outside the sponge to keep the penis to length. 


are largely beyond the scope of this discussion. 
However, the use of full-thickness grafts in staged 
urethral reconstruction follows the same principles 
critical for success of split-thickness grafts: careful 
hemostasis, close apposition to the graft bed, and 
graft immobilization. Other sources of hairless skin 
may include abdominal or flank skin in some pa- 
tients, supraclavicular skin, and postauricular 
skin. These grafts must be fully defatted to maxi- 
mize their potential for engraftment. Although usu- 
ally abundant, scrotal skin is typically not the best 
choice for penile skin replacement because it is 
hair bearing. 

When harvesting a full-thickness skin graft, the 
target area is marked. Marking an ellipse 3 times 
as long as it is wide that includes the target area 
allows for primary wound closure without lateral 
wound redundancy. Once harvested, the graft 
should be defatted so that the dermis is in direct 
contact with the wound bed. This defatting may 
be done during the graft harvest, leaving the fat 
behind as the graft is harvested. As an alternative, 
the graft may be defatted on the back table. The 
authors prefer to do this with the graft draped 
over the surgeon’s nondominant index finger, 
using sharp scissors on the convex surface of 
the graft (Fig. 8). 


TIPS IN PENILE SKIN GRAFTING 


Surgeons reconstructing penile skin loss after 
trauma or necrotizing infections must work with 
what tissue remains; often this means loss of 
tissue down to the Buck fascia. However, in elec- 
tive circumstances, such as buried penis caused 
by lichen sclerosus or genital lymphedema, the 
surgeon must choose what tissue to resect, and 
this affects the outcome of the reconstruction. 
In the resection of penile lymphedema, the skin 
and dartos layer are removed down to the Buck 
fascia to prevent recurrence of lymphedema.® In 
other circumstances, such as surgery for lichen 
sclerosus, cicatricial and abnormal skin should 


be resected leaving the underlying dartos tissue. 
Because the dartos layer and loose tissue beneath 
the skin are not tightly affixed to the Buck fascia, 
grafting on the dartos layer preserves the skin’s 
mobility. 

When there is loss of the proximal penile skin, 
the natural tendency is to preserve any viable 
distal skin. However, when there is loss of the 
proximal penile skin, the proximal dartos layer is 
generally also lost. This loss results in disruption 
of lymphatic drainage of the distal penile skin. 
The native skin should be resected to the level of 
the glans to avoid a ring of lymphedematous skin 
around the glans (Fig. 9). If skin loss is not circum- 
ferential, it may be preferable to leave the native 
skin in place, especially if several days of observa- 
tion have not led to increasing edema of the skin. 

The glans penis is a unique structure where the 
skin layer is directly attached to the tunica albugi- 
nea beneath it. There are few situations in which 
there is loss of skin of the glans without loss of 
the underlying spongy tissue. Because the penile 
shaft skin and glans have separate blood supplies, 
most cases of penile skin loss do not involve 


surface of the finger and the oppositely convex curve 
of the scissors allows precision in where the hypoder- 
mis is excised. 
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Fig. 9. (A) Patient who underwent meshed split-thickness skin graft to the proximal penile shaft after necrotizing 
genital infection debridement. The distal shaft skin was left in place, later becoming grossly lymphedematous 
and enveloping the glans. (B) Same patient after resection of all grafted and native penile skin. 


the glans. However, efforts to treat benign and ma- 
lignant disease in an organ-preserving manner 
have led to techniques such as glans resurfacing.2° 
This technique involves removing glans skin and 
replacing it with a split-thickness skin graft®° or 
by grafting onto the ends of the corporal bodies 
after distal penectomy to recreate the appearance 
of the glans (see Fig. 3).°" 

Surgeons have tried to prevent nocturnal erec- 
tions, a normal occurrence during the rapid-eye 
movement sleep cycle, after urologic surgery 
for decades. However, there is little evidence to 
support success of medical therapies to prevent 
erections.°* This reemphasizes the need to closely 
affix the graft to the penis and use a dressing that 
prevents shear. 


SUMMARY 


Many disease processes may result in a need for 
replacement of penile skin. Thick split-thickness 
grafts are the most appropriate choice for penile 
skin reconstruction because of the special char- 
acteristics of penile skin, namely thin, hairless 
skin, with stretch capability. Reconstruction of 
the penile skin can be challenging because of the 
expanding nature of the penis and difficult con- 
tours of the area. Using proper surgical technique 
and postoperative wound care maximizes graft 
success. 
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